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PREFACE  TO  THE  THIRD  EDITION 


The  first  edition  of  this  book  appeared  in  1877  and  approximately  twenty 
years  later  (1898)  the  second  and  revised  edition  was  published.  Now, 
again  after  more  than  twenty  years,  comes  the  third  edition.  The  changes 
involved  in  the  present  edition  are  chiefly  those  of  addition,  the  general 
character  and  form  of  the  book  having  been  retained  unchanged.  In  the 
section  on  Crystallography  the  important  change  consists  in  the  introduction 
of  the  methods  employed  in  the  use  of  the  stereographic  and  gnomonic  pro- 
jections. A  considerable  portion  of  the  section  on  the  Optical  Characters  of 
Minerals  has  been  rewritten  in  the  endeavor  to  make  this  portion  of  the  book 
simpler  and  more  readily  understood  by  the  student.  In  the  section  on 
Descriptive  Mineralogy  all  species  described  since  the  previous  edition  have 
been  briefly  mentioned  in  their  proper  places.  Numerous  other  changes  and 
corrections  have,  of  course,  been  made  in  order  to  embody  the  results  of 
mineral  investigation  during  the  last  two  decades.  Only  minor  changes  have 
been  made  in  the  order  of  classification  of  the  mineral  species.  It  was  felt 
that  as  this  book  is  so  closely  related  to  the  System  of  Mineralogy  it  was 
unwise  to  attempt  any  revision  of  the  chemical  classification  until  a  new 
edition  of  that  work  should  appear.  The  description  of  the  methods  of 
Crystal  Drawing  given  in  Appendix  A  has  been  largely  rewritten.  A  new 
table  has  been  added  to.  Appendix  B  in  which  the  minerals  have  been  grouped 
into  lists  according  to  their  important  basic  elements.  Throughout  the  book 
the  endeavor  has  been  to  present  in  a  clear  and  concise  way  all  the  information 
needed  by  the  elementary  and  advanced  student  of  the  science. 

The  editor  of  this  edition  is  indebted  especially  to  the  published  and  un- 
published writings  of  the  late  Professor  Samuel  L.  Penfield  for  much  ma- 
terial and  many  figures  that  have  been  used  in  the  sectiojns  of  Crystallog- 
raphy and  The  Optical  Character  of  Minerals.  He  also  acknowledges  the 
cordial  support  and  constant  assistance  given  him  by  Professor  Edward  S. 
Dana. 


New  Haven,  Conn.,  Dec.  1,  1921. 


4^9105 


m 


William  E.  Ford 


PREFACE  TO  THE  SECOND  EDITION 


The  remarkable  advance  in  the  Science  of  Mineralogy,  during  the  years 
that  have  elapsed  since  this  Text-Book  was  first  issued  in  1877,  has  made  it 
necessar}',  in  the  preparation  of  a  new  edition,  to  rewrite  the  whole  as  well  as 
to  add  much  new  matter  and  many  new  illustrations. 

The  work  being  designed  chiefly  to  meet  the  wants  of  class  or  private 
instruction,  this  object  has  at  once  determined  the  choice  of  topics  discussed, 
the  order  and  fullness  of  treatment  and  the  method  of  presentation. 

In  the  chapter  on  Crystallography,  the  different  types  of  cr3nstal  forms  are 
described  under  the  now  accepted  thirty-two  groups  classed  according  to  their 
symmetry.  The  names  given  to  these  groups  are  based,  so  far  as  possible, 
upon  the  characteristic  form  of  each,  and  are  intended  also  to  suggest  the 
terms  formerly  appUed  in  accordance  with  the  principles  of  hemihednsm. 
The  order  adopted  is  that  which  alone  seems  suited  to  the  demands  of  the 
elementary  student,  the  special  and  mathematically  simple  groups  of  the 
isometric  system  being  described  first.  Especial  prominence  is  given  to  the 
"normal  group"  under  the  successive  systems,  that  is,  to  the  group  which  is 
relatively  of  most  conmion  occurrence  and  which  shows  the  highest  degree  of 
symmetry.  The  methods  of  Miller  are  followed  as  regards  the  indices  of  the 
different  forms  and  the  mathematical  calculations. 

In  the  chapters  on  Ph3rsical  and  Chemical  Mineralogy,  the  plan  of  the 
former  edition  is  retained  of  presenting  somewhat  fully  the  elementary  prin- 
ciples of  the  science  upon  which  the  mineral  characters  depend;  this  is  par- 
ticularly  true  in  the  department  of  Optics.  The  effort  has  been  made  to  give 
the  student  the  means  of  becoming  practically  familiar  with  all  the  modem 
methods  of  investigation  now  conmionly  applied.  Especial  attention  is, 
therefore,  given  to  the  optical  properties  of  crystals  as  revealed  by  the  micro- 
scope. Further,  frequent  references  are  introduced  to  important  papers  on 
the  different  subjects  discussed,  in  order  to  direct  the  student's  attention  to 
the  original  literature. 

The  Descriptive  part  of  the  volume  is  essentially  an  abridgment  of  the 
Sixth  Edition  of  Dana's  System  of  Mineralogy,  prepared  by  the  author  (1892). 
To  this  work  (and  future  Appendices)  the  student  is,  therefore,  referred  for 
fuller  descriptions  of  the  crystallographic  and  optical  properties  of  species,  for 
anal)rses,  lists  of  localities,  etc.;  also  for  the  authorities  for  data  here  quoted. 
In  certain  directions,  however,  the  work  has  been  expanded  when  the  interests 
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of  the  student  have  seemed  to  demand  it;  for  example,  in  the  statement  of 
the  characters  of  the  various  isomorphous  groups.  Attention  is  also  called  to 
the  paragraph  headed  "Diff.,"  in  the  description  of  each  common  species,  in 
which  are  given  the  distinguishing  characters,  particularly  those  which  serve 
to  separate  it  from  other  species  with  which  it  might  be  easily  confounded. 

The  list  of  American  locaUties  of  minerals,  which  appeared  as  an  Appendix 
in  the  earlier  edition,  has  been  omitted,  since  in  its  present  expanded  form 
it  requires  more  space  than  could  well  be  given  to  it;  further,  its  reproduc- 
tion here  is  imnecessary  since  it  is  accessible  to  all  interested  not  only  in  the 
S3rstem  of  Miperalogy  but  also  in  separate  form.  A  full  topical  Index  has 
been  added,  besides  the  usual  Index  of  Species. 

The  obligations  of  the  present  volume  to  well-known  works  of  other  au- 
thors —  particularly  to  those  of  Groth  and  Rosenbusch  —  are  too  obvious  to 
require  special  mention.  The  author  must,  however,  express  his  gratitude 
to  his  colleague.  Prof.  L.  V.  Pirsson,  who  has  given  him  material  aid  in  the 
part  of  the  work  dealing  with  the  optical  properties  of  minerals  as  examined 
under  the  microscope.  He  is  also  indebted  to  Prof.  S.  L.  Penfield  of  New 
Haven  and  to  Prof.  H.  A.  Miers  of  Oxford,  England,  for  various  valuable 
suggestions. 

Edward  Sausburt  Dana 

New  Haven,  Conn.,  Aug.  1,  1898. 
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INTRODUCTION 


1.  The  Science  of  Mineralogy  treats  of  those  inorganic  species  called 
minerals,  which  together  in  rock  masses  or  in  isolated  form  make  up  the 
material  of  the  crust  of  the  earth,  and  of  other  bodies  in  the  universe  so  far 
as  it  is  possible  to  study  them  in  the  form  of  meteorites. 

2.  Definition  of  a  Mineral.  —  A  Mineral  is  a  body  produced  by  the  proo- 
esses  of  inorganic  nature,  hamng  a  definite  chemical  composition  and,  if  formed 
under  favorable  conditions,  a  certain  characteristic  molecular  structure  which 
is  exkSnted  in  its  crystalline  form  and  other  physical  properties. 

This  definition  calls  for  some  further  explanation. 

First  of  all,  a  mineral  must  be  a  homogeneous  substance,  even  when 
minutely  examined  by  the  microscope;  further,  it  must  have  a  definite 
(^lemical  composition,  capable  of  being  expressed  by  a  chemical  formula. 
Thus,  much  basalt  appears  to  be  homogeneous  to  the  eye,  but  when  examined 
under  the  microscope  in  thin  sections  it  is  seen  to  be  made  up  of  different 
substances,  each  having  characters  of  its  own.  Again,  obsicKan,  or  volcanic 
glass,  though  it  may  be  essentially  homogeneous,  has  not  a  definite  composition 
corresponcfing  to  a  specific  chemical  formula,  and  is  hence  classed  as  a  rock, 
not  as  a  mineral  species.  Further,  several  substances,  as  tachylyte,  hyalome- 
lane,  etc.,  which  at  one  time  passed  as  minerals,  have  been  relegated  to 
petrology,  because  it  has  been  shown  that  they  are  only  local  forms  of  basalt, 
retaining  an  apparently  homogeneous  form  due  to  rapid  cooling. 

Again,  a  mineral  has  in  all  cases  a  definite  molecular  strudure,  unless  the 
conditions  of  formation  have  been  such  as  to  prevent  this,  which  is  rarely  true. 
This  molecular  structure,  as  will  be  shown  later,  manifests  itself  in  the  physical 
characters  and  e^cially  in  the  external  crystalline  form. 

It  is  customary,  as  a  matter  of  convenience,  to  Umit  the  name  mineral  to 
those  compounds  which  have  been  formed  by  the  processes  of  nature  alone, 
while  compoimds  made  in  the  laboratory  or  the  smelting-fumace  are  at  most 
called  artificial  minerals.  Further,  mineral  substances  which  have  been  pro- 
duced through  the  agency  of  organic  life  are  not  included  among  minerals, 
as  the  pearl  of  an  oyster,  the  opal-silica  (tabasheer)  secreted  by  the  bamboo, 
etc.  Finally,  mineral  species  are,  as  a  rule,  limited  to  solid  substances;  the 
only  liquids  included  being  metallic  mercury  and  water.  Petroleum,  or 
mineral  oil,  is  not  properly  a  homogeneous  substance,  consisting  rather  of 
several  hydrocarbon  compounds;  it  is  hence  not  a  mineral  species. 

It  is  obvious  from  the  above  that  minerals,  in  the  somewhat  restricted 
sense  usually  adopted,  constitute  only  a  part  of  what  is  often  called  the 
Mmeral  Kingdom. 

3.  Scope  of  Mineralogy.  —  In  the  following  pages,  the  general  subject 
of  mineralogy  is  treated  under  the  following  heads : 

(1)  Crystallography.  —  This  comprises  a  discussion  of  crystals  in  general 
and  especially  of  the  crystalline  forms  of  mineral  species. 
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(2)  Physical  Mineralogy.  —  This  includes  a  discussion  of  the  physical 

characters  of  minerals,  that  is,  those  depending  upon  cohesion  and  elasticity, 
density,  light,  heat,  electricity,  and  so  on. 

(3)  Chemical  Mineralogy.  —  Under  this  head  are  presented  briefly  the 
general  principles  of  chemistry  as  applied  to  mineral  species;  their  charac- 
ters as  chemical  compounds  are  described,  also  the  methods  of  investigating 
them  from  the  chemical  side  by  the  blowpipe  and  other  means. 

(4)  Descriptive  Mineralogy.  —  This  includes  the  classification  of  minerals 
and  the  description  of  each  species  with  its  varieties,  especially  in  its  relations 
to  closely  alHed  species,  as  regards  crystalUne  form,  physical  and  chemical 
characters,  occurrence  in  nature,  and  other  points. 

4.  Literature.  —  Reference  is  made  to  the  Introduction  to  the  Sixth 
Edition  of  Dana's  System  of  Mineralogy,  pp.  xlv-bd,  for  an  extended  list  of 
independent  works  on  Mineralogy  up  to  1892  and  to  its  Appendices  I,  II 
and  III  for  works  published  up  to  1915;'  the  names  are  also  given  of  the 
many  scientific  periodicals  which  contain  original  memoirs  on  mineralogical 
subjects.  For  the  convenience  of  the  student  the  titles  of  a  few  works, 
mostly  of  a  general  character,  are  given  here.  Further  references  to  the 
literature  of  Mineralogy  are  introduced  through  the  first  half  of  this  work, 
particularly  at  the  end  of  the  sections  dealing  with  special  subjects. 

CrysiaUagraphy  and  Physical  Mineralogy 

Early  Works  *  include  those  of  Rom^  de  I'lslCj  1772;  Haliy,  1822;  Neumann,  Krys- 
tallonomie,  1823,  and  Krystallographie,  1825;  Kupffer,  1825;  Grassmann,  Krystallonomie, 
1829;  Naumann,  1829  and  later;  Quenstedt,  1846  (also  1873);  Miller,  1839  and  1863; 
Grailich,  1856;  Kopp,  1862:  von  Lding,  1866;  Bravais,  Etudes  Crist.,  Paris,  1866  (1849); 
Schrauf,  1866-68;  K>se^adebeck,  1873. 

Recent  works  include  the  following: 

Bayley.    Elementary  Crystallography.  1910. 

Beale.     Introduction  to  CrystaUograpny,  1915. 

Beckenkamp.    Statische  und  kinetische  Kristalltheorien,  1913-. 

Bruhns.    Eiemente  der  Krystallographie,  1902. 

Goldschmidt  Index  der  Kr3r8tallformen  der  Mineralien;  3  vols.,  1886-^1.  Also 
Anwendung  der  Linearprojection  zum  Berechnen  der  Krystalle,  1887.  Atlas  der  Kiystall- 
formen,  191^. 

Gossner.    Kristallberechnung  und  Kristallzeichnung^  1914. 

Groth.  Physikalische  Krystallographie  und  Einleitung  in  die  krystallographische 
Kenntniss  der  wichtigeren  Substanzen,  1905.  ^ 

Klein.     Einleitung  in  die  Krystallberechnung,  1876 

Lewis.     Crystallography,  1899. 

Liebisch.  Geometrische  Krystallographie,  1881.  Physikalische  Krystallographie, 
1891. 

Mallard.  Traits  de  Cristallographie  g£om6trique  et  physique;  vol.  1,  1879;  vol.  2, 
1884. 

Moses.    Characters  of  Crystals,  1899. 

Reeks.     Hints  for  Crystal  Drawing,  1908. 

Sadebeck.     Angewandte  Krystallographie  (Rose's  Krystallographie,  II.  Band),  1876. 

Sohncke.    Entwickelun^  einer  Theorie  der  Krystallstruktur,  1879. 

Sommerfeldt    Physikalische  Kristallograohie,  1907;  Die  Kristallgruppc,  1911. 

Story-Maskelyne.    Crystallography:  the  Morphology  of  Crystals,  1895. 

Tutton.  Crystalline  Structure  and  Chemical  Constitution,  1910;  Crystallography  and 
Practical  Crystal  Measurement,  1911. 

Viola.     Grundziige  der  Kristallographie,  1904. 

Walker.    CrysttUlography,  1914. 


*  The  full  titles  of  many  of  these  are  given  in  pp.  li-bd  of  Dana's  System  of  Miner- 
alogy, 1892. 
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Wanarant    Cristallographie,  1909. 

Websky.  Anwendung  der  linearprojection  zum  Berechnen  der  Krystalle  (Roae's 
Krystallographie  III.  Band).  1887. 

WllUams.    Elements  of  Cnrstallography^  1890. 

Wiilfing.  Die  32  krystallographischen  Symmetrieklassen  und  ihre  einfachen  Formen, 
1914. 

In  Physical  Mineralogy  the  most  important  general  works  are  those  of  Schrauf 
(1868),  Mallard  (1884),  Liebisch  (1891),  mentioned  in  the  above  list;  also  Rosenbusch, 
Mikr.  Physiograpnie,  etc.  (1892).    Important  later  works  include  the  following. 

Davy-Famham.    Microscopic  Examination  of  the  Ore  Minerals,  1920. 

Duparc  and  Pearce.    Trait6  de  Technique  Min^ralogique  et  P6trographique,  1907. 

Groth.    Physikalische  Krystalloipraphie,  1905. 

Groth- Jackson.    Optical  Properties  of  Crystals,  1910. 

Johaimsen,  Determination  of  Rock-Forming  Minerals,  1908.  Manual  of  Petrographic 
Methods,  1914. 

Murdoch.     Microscopical  Determination  of  the  Opaque  Minerals,  1916. 

NUdtin,  translated  into  French  by  Duparc  and  de  Derries.  La  Methode  Universelle 
de  Fedoroff,  1914. 

Wincliell.    Elements  of  Optical  Mineralogy,  1909. 

Wri^t    The  Methods  of  Petrographio-lmcroscopic  Research,  1911. 

General  Mineralogy 

Of  the  many  works,  a  knowledge  of  which  is  needed  by  one  who  wishes  a  full  acauaint- 
ance  with  the  historical  development  of  Mineralogy,  tne  following  are  particulanv  im- 
portant. Very  early  works  include  those  of  Theopnrastus,  PUny,  Linnseus,  Wallerius, 
Cronstedt,  Werner,  Bergmann,  Klaproth. 


haupt's  Charakteristik,  1820,  1823,  1832;  ^eudant's  Treatise,  1824,  1832*  Phillips's  Min., 
1S23,  1837;  Shepard's  Min.,  1832-35,  and  later  editions:  von  Kobell's  Grundzuge,  1838; 
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Mohs's  Min.,  1839;  Breithaupt's  Min.,  1836-1847;  Haidinger's  Handbuch,  1845;  Nau- 
mann's  Min.,  1846  and  later;  Hausmann's  Handbuch,  1847;  Dufri^noy's  Min.,  1844-1847 
(also  185&-1859);  Brooke  &  Miller,  1852;  J.  D.  Dana's  System  of  1837,  1844,  1850,  1854,. 

1868. 

More  Rbcent  Works  are  the  following: 

Bauer.     Lehrbuch  der  Mineralo^e,  1904. 

Bauerman.    Text-Book  of  Descriptive  Mineralogy,  1884. 

Baumhauer.    Das  Rfeich  der  Krystalle,  1889. 

Bayley.     Descriptive  Mineralogy,  1917. 

Blunu     Lehii>uch  der  Mineralogie,  4th  ed..  1873-1874. 

Bngins.     Das  Mineralreich.  19(3.    Englisn,  translation  by  Spencer,  1912. 

Clarke.    The  Data  of  Geochemistry,  1916. 

Dana,  E.  S.  Dana's  System  of  Mineralogy,  6th  ed..  New  York,  1892.  Appendix  I, 
1899;  II,  1909;  III,  1915.  Also  (elementary)  Kfinends  and  How  to  study  tnem.  New 
York,  1895. 

Dana-Ford.    Manual  of  Mineralogy,  1912. 

Des  Cloizeauz.  Manuel  de  MinSnEilogie;  vol.  1,  1862;  vol.  2,  ler  Fasc.,  1874;  2me. 
1893. 

Grotiu    Tabellarische  Uebersicht  der  Mineralien,  1898. 

Hintze.     Handbuch  der  Mineralogie,  1889-1915. 

Iddings.    Rock  Minerals,  1906. 

Kraus.     Descriptive  Mineralogy,  1911. 

Lacroix.     Min6ralogie  de  la  France  et  de  ses  Colonies,  5  vols.,  1893-1913. 

Miers.     Mineralogy,  1902. 

Moses  and  Parsons.    Mineralogy,  Crystallography  and  Blowpipe  Analysis,  1916. 

Merrill.    The  Non-metaUic  Minerals,  1904. 

Phillios.     Mineralogv,  1912. 

Rogers.     Study  of  Minerals,  1012. 

Schrauf.     Atlas  der  Krystall-Kormen  des  Mineralreiches,  4to,  vol.  1,  A-C,  1865-1877. 

Tschermak.     Lehrbuch  der  Min(?r.il()«2;ie,  1884;  5t!i  od.,  1897. 
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Weisbach.    S3mop6i8  Minerdogica,  svertematiBche  Uebereicht  dee  Minerab^iches,  1875. 
ZirkeL.    13th  edition  of  Naumann's  Mineralogy,  Leipzig,  1897. 

Wfilfing.  Die  Meteoriten  in  Sammlungen,  etc.,  1897  (earlier  works  on  related  subjects, 
see  Dana's  System,  p.  32). 

For  a  catalogue  of  localities  of  minerals  in  the  United  States  and  Canada  see  the  volume 
(51  pp.)  reprinted  from  Dana's  System,  6th  ed.  See  also  the  volumes  on  the  Mineral  Re- 
sources of  the  United  States  published  (since  1882)  under  the  auspices  of  the  U.  S.  Geo- 
logical Survey. 

Chemiedl  and  Determinalwe  Mineralogy 

Bischdff.  Lehrbuch  der  chemischen  und  ph3rsikalischen  (Seoiogie,  1847-54;  2d  ed., 
1863-66.     (Also  an  English  edition.) 

Blum.    Die  Pseudomorphosen  des  Minendreichs,  1843.     With  4  Nachtr&ge^  1847-1879. 

Brush-Penfleld.  Manual  of  Determinative  Mineralogy,  with  an  Introduction  on  Blow- 
pipe Analysis,  1896. 

Doelter.  Allgemeine  chemische  Mineralogie,  Leipzig,  1890.  Handbuch  der  Mineral- 
chemie,  1912-. 

Doparc  and  Moonier.    Traits  de  Technique  Min6ralogiaue  et  P6troKrai>hique,  1913. 

EaUe.  Mineral  Tables  for  the  Determination  of  Minerals  by  their  Fhysicaf  F^perties, 
1904. 

Endlich.    Manual  of  Qualitative  Blowpipe  Analysis,  New  York,  1892. 

KobeU,  F.  von.  Tafem  zur  Bestimmung  der  Mmeralien  mitteist  einfacher  chemischer 
Versuche  auf  trockenem  und  naasem  Wege,  lite  Aufiaoe,  1878. 

Kraos  and  Hunt    Tables  for  the  Determination  of  Minerals,  1911. 

Lewis.    Determinative  Mineralogy,  1915. 

Bammelsberg.  Handbuch  der  Krystallographisch-phsrsikalischen  Chemie,  Leipzig, 
1861-82.    Handbuch  der  Mineralchemie,  2d  ed.,  1875.     firganzunnaheft.  1,  1886;  2.  1895. 

RotiL.  Allgemeine  und  chemische  Geologic;  vol.  1,  Bildung  u.  Umbildung  der  Minera- 
licn^tc.,  1879;  2,  Petrographie,  1887-1890. 

websky.  Die  Mineral  Species  nach  den  fitr  das  specifische  Gewicht  derselben  ange- 
nommenen  imd  s^fundenen  Werthen,  Breslau,  1868. 

Weisbach.  Tabelien  zur  Bestimmung  der  Mineralien  nach  ftusseren  Kennzeichen, 
3te  Aufla^^e,  1886.  Also  founded  on  Weisbach's  work,  Frazer'a  Tables  for  the  determina- 
tion of  mmerals,  4th  ed.,  1897. 

Artificial  Formation  of  Minerals 

Dittler.    Mineralsynthetisches  Praktikum,  1915. 

'Gurlt.  Uebersicht  der  psrrogeneten  kttnstlichen  Mineralien,  namentlich  der  krystal- 
lisirten  Httttenerzeugnisse,  1857. 

Fuchs.    Die  kttnstlich  dar^tellten  Mineralien,  1872. 

Daubr6e.    Etudes  synthetique  de  Otologic  exp^rimentale,  Paris,  1879. 

Foaqu6  and  M.  Uvy.    Synthase  des  Min^raux  et  des  Roches,  1882. 

Bowgeois.    Reproduction  artificieUe  des  Min^raux,  1884. 

Meiinier.    Les  m6thodes  de  synthase  en  Mineralogie. 

Vogt    Die  Silikatschmelzldsungen,  1903-1904. 

Mineralogioal  Joumala 

The  following  Journals  are  largely  devoted  to  original  papers  on  Mineralogy: 

Amar.  Min.    The  American  Mineralogist,  1916. 

BulL  Soc.  Min.    Bulletin  de  la  Society  Fran^aise  de  Min6raloflpe,  1878r-. 
CentralbL  Iftin.    Centralblatt  f  Or  Mineralogie,  Geoloj^e  und  PauBontologie,  190O-. 
Fortschr.   Min.    Fortschritte  der   MinenJogie,   Kristallographie  und   Petrographie, 
1911- 


Jb.  Min.    Neues  Jahrbuch  f  Or  Mineralogie,  Geologic  und  Pakeontologie,  etc..  from  1833. 

Min.  Mag.  The  Mineralogical  Magazine  and  Journal  of  the  Minendogical  Society  of 
Gt.  Britain,  1876-. 

Min.  Mitfh.  Mineralogische  und  petrographische  Mittheilungen,  1878^;  Earlier, 
from  1871,  Mineralogische  Mittheilungen  gesammelt  von  G.  Tschermak. 

Riv.  Min.    Rivista  di  Mineralogia  e  CrystalloKrafia,  1887-. 

Zs.  Kr.    Zeitschrift  f ttr  Krystallographie  und  Mineralogie.     1877-. 
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Bx. 


Bz^« 


Coma 
Diff. 


G. 


Abbbbviatiomb 

Plane  of  the  optic  a3ce8.  H. 

Acute  bisectrix  (p.  277).  Obs. 

Obtuse  bisectrix  (p.  277).  O.F. 

Before  the  Blowpipe  (p.  330).  Pyr. 
Gompoeition. 

Differences,  or  distinctive  char-  ILF. 

acters.  Var. 
Specific  Gravity. 


Hardness. 

Observations  on  occurrence,  etc. 
Oxidising  Flame  (p.  331). 
Pyrognoetics  or  olowpipe  and 

allied  characters. 
Reducing  Flame  (p.  331). 
Varieties. 


Theaign  A  is  used  to  indicate  the  aac^e  between  two  faces  of  a  crystal,  as  am  (100  A  110) 
44r  30^^ 


PART  I.   CRYSTALLOGRAPHY 


GENERAL  MORPHOLOGICAL  RELATIONS  OF 

CRYSTALS 

6.  Crystallography.  —  The  subject  of  Crystallography  includes  the 
description  of  the  characters  of  crystals  in  general;  of  the  various  forms  of 
crystals  and  their  division  into  classes  and  systems;  of  the  methods  of  study- 
ing crystals,  including  the  determination  of  the  mathematical  relations  of 
their  faces,  and  the  measurement  of  the  angles  between  them;  finally,  a  de- 
scription of  compound  or  twin  crystals,  of  irregularities  in  crystals,  of  crystal- 
line a^regates,  and  of  pseudomorphous  crystals. 

6.  Definition  of  a  Crystal. —  A  crystal  *  is  the  regular  polyhedral  form, 
bounded  by  smooth  surfaces,  which  is  assumed  Iry  a  chemical  compound,  under 
the  action  of  its  intermolecidar  forces,  when  parsing,  under  suitable  conditions, 
from  the  state  of  a  liquid  or  gas  to  thai  of  a  solid. 

As  expressed  in  the  foregoing  definition,  a  crystal  is  characterized,  first,  by 
its  definite  internal  molecular  structure,  and,  second,  by  its  external  form.  A 
crystal  is  the  nomval  form  of  a  mineral  species,  as  of  all  solid  chemical  com- 
pounds; but  the  conditions  suitable  for  the  formation  of  a  crystal  of  ideal 
perfection  in  symmetry  of  form  and  smoothness  of  surface  are  never  fully 
realized.  Further,  many  species  usually  occur  not  in  distinct  crystals,  but 
in  massive  form,  and  in  some  exceptional  cases  the  definite  molecular  struc- 
ture is  absent. 

7.  Molecular  Structure  in  General. —  By  definite  molecular  structure 
is  meant  the  special  arrangement  which  the  physical  units,  called  rru>lecules,\ 
assume  imder  the  action  of  the  forces  exerted  between  them  during  the  forma- 
tion of  the  soUd.  Some  remarks  are  given  in  a  later  article  (p.  22  et  seq,)  in 
regard  to  the  kinds  of  molecular  arrangement  theoretically  possible,  and  their 
relation  to  the  symmetry  of  the  different  systems  and  classes  of  crystals. 

The  definite  molecular  structure  is  the  essential  character  of  a  crystal,  and 
the  external  form  is  only  one  of  the  ways,  although  the  most  important,  in 
which  this  structure  is  manifested.  Thus  it  is  found  that  all  similar  direc- 
tions in  a  crystal,  or  a  fragment  of  a  crystal,  have  like  physical  characters,! 

*  In  its  original  signification  the  term  crystal  was  applied  only  to  crystals  of  quartz, 
which  the  ancient  philosophers  believed  to  be  water  congealed  by  intense  cold.  Hence  the 
term,  from  icpwrroXXos,  ice. 

t  Recent  studies,  particularly  those  made  by  the  use  of  the  X-ray.  would  indicate  that 
the  unit  of  crystalline  structure  is  the  atom  rather  than  the  molecule.  The  grouping  of 
the  atoms  to  form  a  molecule  is  extended  in  the  analogous  grouping  of  the  molecules  to 
fonn  a  crystal. 

t  This  subject  is  further  elucidated  in  the  chapter  devoted  to  Physical  Mineralogy, 
where  it  is  also  shown  that,  with  respect  to  many,  out  not  all,  of  the  pnysical  characterer. 
the  c'^iT"'<»r«'^  o'  fhh  prnp-^-iti^n  is  tnio,  viz.^  that  uiiliko  dlrvvtions  in  a  crystal  have  in 
.cneral  ur.li'cc  prop^^rties. 
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as  of  elasticity,  cohesion,  action  on  light,  etc.  This  is  clearly  shown  by  the 
cleavage,  or  natural  tendency  to  fracture  in  certain  directions,  yielding  more 
or  less  smooth  surfaces;  as  the  cubic  cleavage  of  galena,  or  the  rhombohedral 
cleavage  of  calcite.  It  is  evident,  therefore,  that  a  small  crystal  differs  from 
a  large  one  only  in  size,  and  that  a  fragment  of  a  crystal  is  itself  essentially  a 
crystal  in  all  its  physical  relations,  though  showing  no  crystalline  faces. 

Further,  the  external  form  without  the  corresponding  molecular  structure 
does  not  make  a  crystal  of  a  solid.  A  model  of  glass  or  wood  is  obviously 
not  a  crystal,  though  having  its  external  form,  because  there  is  no  relation 
between  form  and  structure.  Also,  an  octahedron  of  malachite,  having  the 
form  of  the  crystal  of  cuprite  from  which  it  has  been  derived  by  chemical 
alteratioii,  is  not  a  crystal  of  malachite,  but  what  is  known  as  a  pseudomorph 
(see  Art.  478)  of  malachite  after  cuprite. 

On  the  other  hand,  if  the  natural  external  faces  are  wanting,  the  solid  is 
not  called  a  crystal.  A  cleavage  octahedipn  of  fluorite  and  a  cleavage  rhom- 
bohedron  of  calcite  are  not  properly  crystals,  because  the  surfaces  have  been 
yielded  by  fracture  and  not  by  the  natural  molecular  growth  of  the  crystal, 

8.  CiystaUine  and  Amorphous.  —  When  a  mineral  shows  no  external 
crystalline  form,  it  is  said  to  be  massive.  It  may,  however,  have  a  definite 
molecular  structure,  and  then  it  is  said  to  be  crystalline.  If  this  structure,  as 
dbown  by  the  cleavage,  or  by  optical  means,  is  the  same  in  all  parallel  direc> 
tions  through  the  mass,  it  is  described  as  a  single  individual.  If  it  varies  from 
grain  to  grain,  or  fiber  to  fiber,  it  is  said  to  be  a  crystalline  aggregate,*  since  it 
is  in  fact  made  up  of  a  multitude  of  individuals. 

Thus  in  a  granular  mass  of  galena  or  calcite,  it  may  be  possible  to  separate 
the  fragments  from  one  another,  each  with  its  characteristic  cubic,  or  rhom- 
bohedral, cleavage.  Even  if  the  individuals  are  so  small  that  they  cannot  be 
separated,  yet  the  cleavage,  and  hence  the  crystalline  structure,  may  be  evi- 
dent from  the  spangling  of  a  freshly  broken  surface,  as  with  fine-grained  statu- 
ary marble.  Or,  again,  this  aggregate  structure  may  be  so  fine  that  the 
crystalline  structure  can  only  be  resolved  by  optical  methods  with  the  aid  of 
the  microscope.     In  all  these  cases,  the  structiu^  is  said  to  be  crystalline. 

If  optical  means  show  a  more  or  less  distinct  crystalline  structure,  which, 
however,  cannot  be  resolved  into  individuals,  the  mass  is  said  to  be  crypto- 
crystalline;  this  is  true  of  some  massive  varieties  of  quartz. 

If  the  definite  molecular  structure  is  entirely  wanting,  and  all  directions  in 
the  mass  are  sensibly  the  same,  the  substance  is  said  to  be  amorphous.  This 
is  true  of  a  piece  of  glass,  and  nearly  so  of  opal.  The  amorphous  state  is  rare 
among  minerals. 

A  piece  of  feldspar  which  has  been  fused  and  cooled  suddenly  may  be  in  the  glas»-like 
amorpnous  condition  as  regards  absence  of  definite  molecular  structure.  But  even  in  such 
cases  there  is  a  tendency  to  go  over  into  the  crystalline  condition  by  molecular  rearrange- 
ment. A  transparent  amorphous  mass  of  arsenic  trioxide  (As/)i),  formed  by  fusion, 
becomes  opaque  and  crystalline  after  a  time.  Similarly  the  steel  beams  of  a  railroad  bridge 
may  gradually  become  crystalline  and  thus  lose  some  of  their  original  strength  because  of 
the  molecular  rearrangement  made  possible  by  the  vibrations  caui^  by  the  Sequent  jar  of 
passing  trains.  The  microscopic  study  of  rocks  reveals  many  cases  in  which  an  analogous 
change  in  molecular  structure  has  taken  place  in  a  solid  mass,  as  caused,  for  example,  by 
great  pressure. 

*  The  consideration  of  the  various  forms  of  crystalline  aggregates  is  postponed  to  the 
end  of  the  present  chapter. 
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9.  Eztenul  Form.  —  A  crystal  is  bounded  by  smooth  plane  surfaces, 
called  faces  or  planes,*  showing  in  their  arraogement  a  certain  characteristic 
sjimnetry,  and  related  to  each  other  by  definite  mathematical  laws. 

Thus,  without  inquiring,  at  the  moment,  into  the  exact  meanii^  of  the 
term  symmetry  as  applied  to  crystals,  and  the  kinds  of  symmetry  possible, 
which  will  be  explained  in  detail  later,  it  is  apparent  that  the  accompanying 
figures,  1-3,  show  the  external  form  spoken  of.  They  represent,  therefore, 
certain  definite  types. 


G&tena 


Vesuvuuiite 


GhryBoUto 


10.  Vaiiatioa  of  Form  and  Suifsce.  —  Actual  crystals  deviate,  within 
certain  limits,  from  the  ideal  forms. 

First,  there  may  be  variation  in  the  size  of  like  faces,  thus  producing  what 
are  defined  later  as  distorted  forms.  In  the  second  place,  the  faces  are  rarely 
absolutely  smooth  and  brilliant;  commonly  they  lack  perfect  polish,  and  they 
may  even  be  rough  or  more  or  less  covered  with  fine  parallel  lines  (called 
striationa),  or  show  minute  elevations,  depressions  or  other  peculiarities. 
Both  the  above  subjects  are  discussed  in  detail  in  another  place. 

It  may  be  noted  in  passing  that  the  characters  of  natural  faces,  just 
alluded  to,  in  general  make  it  easy  to  distinguish  between  them  and  a  face 
artificiaUy  ground,  on  the  one  hand,  like  the  facet  of  a  cut  gem; 
or,  on  the  other  band,  the  splintery  uneven  surface  commonly 
>ielded  by  cleavage. 

11.  Ccmstancy  of  the  Interfacial  Angles  in  the  Same 
Species.  ^  The  angles  of  inclination  between  like  faces  on 
the  crystals  of  any  species  are  essentially  constant,  wherever 
they  are  found,  and  whether  products  of  nature  or  of  the 
laboratory.  These  angles,  therefore,  form  one  of  the  im- 
portant distinguishing  characters  of  a  species. 

Thus,  in  Fig.  4,  of  apatite,  the  angle  between  the  adjacent 
faces  X  and  m  (130°  18')  is  the  same  for  any  two  like  faces, 
similarly  situated  with  reference  to  each  other.  Further,  this 
ar^e  is  constant  for  the  species  no  matter  what  the  size  of 
the  crystal  may  be  or  from  what  locality  it  may  come.  Moreover,  the  angles 
between  all  the  faces  on  crystals  of  the  same  species  (cf.  Figs.  5-8  of  zircon 
below)  are  more  or  less  closely  connected  tt^ether  by  certain  definite 
mathematical  laws. 

*  This  latt«r  word  ia  usually  limited  to  rmnm  where  the  directton,  rather  than  the 
definite  surface  itaetf,  is  designated. 
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12.  Diversity  of  Form,  or  Habit.  —  While  in  the  crystals  of  a  given 
species  there  is  constancy  of  angle  between  like  faces,  the  forms  of  the  crystals 
may  be  exceedingly  diverse.  The  accompanying  figures  (5-8)  are  examples 
of  a  few  of  the  forms  of  the  species  zircon.  There  is  hardly  any  limit  to  the 
number  of  faces  which  may  occur,  and  as  their  relative  size  changes,  the 
habitf  as  it  is  called,  may  vary  indefinitely. 


6 


/^ 


a 


tn 


a 


m 


m 


Zircon 

15.  Diversity  of  Size.  —  Crystals  occur  of  all  sizes,  from  the  merest 
microscopic  point  to  a  yard  or  more  in  diameter.  It  is  important  to  under- 
stand, however,  that  in  a  minute  crystal  the  development  is  as  complete  as 
with  a  large  one.  Indeed  the  highest  perfection  of  form  and  transparency  is 
found  only  in  crystals  of  small  size. 

A  single  crjrstal  of  quartz,  now  at  Milan,  is  three  and  a  quarter  feet  long  and  five  and  a 
half  in  circumference,  and  its  weight  is  estimated  at  eight  hundred  and  seventy  pounds. 
A  single  cavity  in  a  vein  of  quartz  near  the  Tiefen  Glacier,  in  Switzerland,  discovered  in 
1867,  afforded  smoky  quartz  crystals,  a  considerable  number  of  which  had  a  weight  of  200 
to  250  pounds.  A  gigantic  beryl  from  Acworth,  New  Hamp)8hire,  measured  four  feet  in 
length  and  two  and  a  half  in  circumference;  another,  from  Grafton,  was  over  four  feet  long, 
and  thirty-two  inches  in  one  of  its  diameters,  and  weighed  about  two  and  a  half  tons. 

14.  Symmetry  in  General.  —  The  faces  of  a  crystal  are  arranged 
according  to  certain  laws  of  symmetry,  and  this  sjmometry  is  the  natural 
basis  of  the  division  of  crystals  into  systems  and  classes.  The  symmetry' 
may  be  defined  in  relation  to  (1)  a  plane  of  symmetry,  (2)  an  axis  of  symmetry, 
and  (3)  a  center  of  symmetry. 

These  different  kinds  of  symmetry  may,  or  may  not,  be  combined  in  the 
same  crystal.  It  will  be  shown  later  that  there  is  one  class,  the  crystals  of 
which  have  neither  center,  axis,  nor  plane  of  symmetry;  another  where  there 
is  only  a  center  of  symmetry.  On  the  other  hand,  some  classes  have  all  these 
elements  o^psymmetry  represented. 

16.  Planes  of  Symmetry.  —  A  solid  is  said  to  be  geometrically  *  sym- 
metrical with  reference  to  a  plane  of  symmetry  when  for  each  face,  edge,  or 
solid  angle  there  is  another  similar  face,  edge,  or  angle  which  has  a  like  posi- 
tion with  reference  to  this  plane.  Thus  it  is  obvious  that  the  crystal  of  am- 
phibole,  shown  in  Fig.  9,  is  symmetrical  with  reference  to  the  central  plane 
of  symmetry  indicated  by  the  shadmg. 

*  The  relation  Ix  twr^en  the  ideui  geometrical  symmetry  and  the  actual  crystallographic 
synunetry  is  discussad  in  Art.  18. 
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In  the  idtiid  (.■vystal  this  symmetry  is  right  symmetry  in  the  geometrical 
sense,  where  every  point  on  the  one  side  of  the  plane  of  symmetry  has  a  cor- 
responding point  at  equal  distances  on  the  other  side, 
measured  on  a  line  normal  to  it.     In  other  words,  in  * 

the  ideal  geometrical  symmetry,  one  half  of  the  crystal 
is  the  exact  mirror-image  of  the  other  half. 

A  crystal  may  have  as  many  as  nine  planes  of  sym- 
metrj-,  three  of  one  set  and  six  of  another,  as  is  illustrated 
by  the  cube  *  (Fig,  16).  Here  the  planes  of  the  first  set 
pass  through  the  crystal  parallel  to  the  cubic  faces;  they 
are  shown  in  Fig.  10.  The  planes  of  the  second  set  join 
the  opposite  cubic  e(^es;  they  are  shown  in  Fig.  11. 

16.  Axes  of  Symmetry.  —  If  a  solid  can  be  revolved 
through  a  certain  number  of  degrees  about  some  line  as 
an  axis,  with  the  result  that  it  again  occupies  precisely 
the  same  position  in  space  as  at  first,  that  axis  is  Maid 
to  be  an  axis  of  symmetry-     There  are  four  different  Amphibole 

kinds  of  axes  of  symmetry  among  crystals;    they  are  de- 
fined according  to  the  number  of  times  which  the  crystal  repeats  itself  in  ap- 
pearance during  a  complete  revolution  of  360". 

10  11 


Syminetry  Planes  in  the  Cube 

(a)  A  crystal  is  said  to  have  an  axis  of  binary,  or  twofold,  synametry  when 
a  revolution  of  180°  produces  the  result  named  above;  in  other  words,  when  it 
repeats  itself  twice  in  a  complete  revolution.  This  is  true  of  the  crystal  shown 
in  Fig.  12  with  respect  to  the  vertical  axis  (and  indeed  each  of  the  horizontal 
axes  also), 

(6)  A  crystal  has  an  axis  of  trigonal,  or  threefold,  symmetry  when  a  revo- 
lution of  120°  is  needed;  that  is,  when  it  repeats  itself  three  times  in  a  com- 
plete revolution.  The  vertical  axis  of  the  crystal  shown  in  Fig.  13  is  an  axis 
of  trigonal  symmetry. 

(c)  A  crystal  has  an  axis  of  telragoncU,  or  fourfold,  symmetry  when  a 
revolution  of  90'  is  called  for;  in  other  words,  when  it  repeats  itself  four 
times  in  a  complete  revolution.  The  vertical  axis  in  the  crystal  shown  in 
Pig.  14  is  such  an  axis. 

(d)  Finally,  a  crystal  has  an  axis  of  hexagonal,  or  sixfold,  symmetry  when 
a  revolution  of  60°  is  called  for;  in  other  words,  when  it  repeats  itself  six 
times  in  a  complete  revolution.     This  is  illustrated  by  Fig.  15. 

*  This  is  the  cube  of  the  normal  class  of  the  isometric  system. 
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The  different  kinds  of  symmetry  axes  are  sometimes  known  as  diad,  triad,  tetrad  and 
hexadaxea. 
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The  cube  *  illustrates  three  oi  the  four  possible  kinds  of  symmetry  with  respect  to  axes 
oi  symmetry.  It  has  six  axes  of  binary  symmetry  joining  the  middle  points  of  opposite 
edges  (Fig.  16).  It  has  four  axes  of  trigonal  ssrmmetry,  joining  the  opposite  solid  angles 
(Fig.  17).  It  has,  finally,  three  axes  of  tetragonal  symmetry  joining  the  middle  points  of 
opposite  faces  (Fig.  18). 
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Symmetry  Axes  in  the  Cube 

17.  Ceiiter  of  Symmetry.  —  Most  crystals,  besides  planes  and  axes  of 
symmetry,  have  also  a  center  of  symmetry.  On  the  other  hand,  a  crystal, 
though  possessing  neither  plane  nor  axis  of  synmietry,  may  yet  be  sym- 
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metrical  with  reference  to  a  point,  its  center.  This  last  is  true  of  the  triclinic 
crystal  shown  in  Fig.  19,  in  which  it  follows  that  every  face,  edge,  and  solid 
angle  has  a  face,  edge,  and  angle  similar  to  it  in  the  opposite  half  of  the  crystal. 


*  This  is  again  the  cube  of  the  normal  class  of  the  isometric  system. 
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18.  Relation  of  Geometrical  to  Crystallographic  Symmetry.  —  Since 
the  symmetry  in  the  arrangement  of  the  faces  of  a  crystal  is  an  expression  of 
the  internal  molecular  structure,  which  in  general  is  alike  in  all  parallel  direc- 
tions, the  relative  size  of  the  faces  and  their  distance  from  the  plane  or  axis  of 
symmetry  are  of  no  moment,  their  angular  position  alone  is  essential.  The 
cn^tal  represented  in  Fig.  20,  although  its  faces  show  an  unequal  develop- 
ment, has  in  the  crystallographic  sense  as  truly  a  vertical  plane  of  symmetry 
(parallel  to  the  face  b)  as  the  ideally  developed  crystal  shown  in  Fig.  21. 
The  strict  geometrical  definition  of  symmetry  would,  however,  apply  only 
to  the  second  crystal.'* 


Cube 


Distorted  Cubes 


Also  in  a  normal  cube  (Fig.  22)  the  three  central  planes  parallel  to  each 
pair  of  cubic  faces  are  like  planes  of  symmetry,  as  stated  in  Art.  16.  But  a 
eryst^  is  still  crystallographically  a  cube,  though  deviating  widely  from  the 
requirements  of  the  strict  geometrical  definition,  as  shown  in  Figs.  23,  24,  if 
only  it  can  be  proved,  e.g.,  by  cleavage,  by  the  physical  nature  of  the  faces, 
or  by  optical  means,  that  the  three  pairs  of  faces  are  like  faces,  independently 
of  their  size,  or,  in  other  words,  that  the  molecular  structure  is  the  same  in 
the  three  directions  normal  to  them. 


^r^^ 
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Cube  and  Octahedron 

Further,  in  the  case  of  a  normal  cube,  a  face  of  an  octahedron  on  any  solid 
angle  requires,  as  explained  beyond,  siniilar  faces  on  the  other  angles.  It  is 
not  necessary,  however,  that  these  eight  faces  should  be  of  equal  size,  for  in 
the  crystallographic  sense  Fig..  25  is  as  truly  symmetrical  with  reference  to 
the  planes  named  as  Fig.  26. 

*  It  is  to  be  noted  that  the  perspective  figures  of  crystals  usually  show  the  geometrically 
ideal  form,  in  which  like  faces,  ed^es,  and  angles  have  the  same  snape.  size,  and  position. 
In  other  words,  the  ideal  crystal  is  uniformly  represented  as  having  the  symmetry  called 
for  by  the  strict  geometrical  definition. 
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19.  On  the  other  hand,  the  molecular  and  hence  the  crystallographic 
symmetry  is  not  always  that  which  the  geometrical  form  would  suggest. 
Thus,  deferring  for  the  moment  the  consideration  of  pseudo-synmietry,  an 
illustration  of  the  fact  stated  is  afforded  by  the  cube.  It  has  already  been 
implied  and  will  be  fully  explained  later  that  while  the  cube  of  the  normal 
class  of  the  isometric  system  has  the  symmetry  described  in  Arts.  16,  16,  a 
cube  of  the  same  geometrical  form  but  belonging  molecularly,  for  example, 
to  the  tetrahedral  class,  has  no  planes  of  symmetry  parallel  to  the  faces  but 
only  the  six  diagonal  planes;  further,  though  the  four  axes  shown  in  Fig.  17 
are  still  axes  of  trigonal  symmetry,  the  cubic  axes  (Fig.  18)  are  axes  of  binary 
symmetry  only,  and  there  are  no  axes  of  symmetry  corresponding  to  those 
represented  in  Fig.  16.    Other  more  complex  cases  will  be  described  later. 

Further,  a  crystal  having  interfacial  angles  of  90^  is  not  necessarily  a  cube: 
in  other  words,  the  angular  relations  of  the  faces  do  not  show  in  this  case 
whether  the  figure  is  bounded  by  six  like  faces;  or  whether  only  four  are 
alike  and  the  other  pair  unlike;  or,  finally,  whether  there  are  three  pairs  of 
unlike  faces.  The  question  must  be  decided,  in  such  cases,  by  the  molecular 
structure  as  indicated  by  the  physical  nature  of  the  surfaces,  by  the  cleavage, 
or  by  other  physical  characters,  as  pyro-electricity,  those  connected  with 
light  phenomena,  etc. 

Still,  again,  the  student  will  learn  later  that  the  decision  reached  in  regard 
to  the  S3mametry  to  which  a  crystal  belongs,  based  upon  the  distribviion  of  the 
faces,  is  only  preliminary  and  approximate,  and  before  being  finally  accepted 
it  must  be  confirmed,  first,  by  accurate  measurements,  and,  second,  by  a 
minute  study  of  the  other  physical  characters. 

The  method  based  upon  the  physical  characters,  which  gives  most  conclusive  results 
and  admits  of  the  widest  application,  is  the  skillful  etching  of  the  surface  of  the  crystal  by 
some  appropriate  solvent.  By  this  means  there  are,  in  general,  produced  upon  it  minute 
depressions  the  shape  of  which  conforms  to  the  symmetry  in  the  arrangement  of  the  mole- 
cules. This  process,  which  is  in  part  essentially  one  involving  the  dissection  of  the  molecu- 
lar structure,  is  more  particularly  discussed  in  the  chapter  on  Physical  Mineralogy. 

20.  Pseudo-symmetry.  —  The  crystals  of  certain  species  approximate 
closely  in  angle,  and  therefore  in  apparent  symmetry,  to  the  requirements 
of  a  system  higher  in  symmetry  than  that  to  which  they  actually  belong: 
they  are  then  said  to  exhibit  pseudo-symmetry.  Numerous  examples  are 
given  under  the  different  systems.  Thus  the  micas  have  been  shown  to  be 
truly  monoclinic  in  crystallization,  though  in  angle  they  seem  to  be  in  some 
cases  rhombohedral,  in  others  orthorhombic. 

It  will  be  shown  later  that  compound,  or  twin,  crystals  may  also  simulate 
by  their  regular  grouping  a  higher  grade  of  symmetry  than  that  which  belongs 
to  the  single  crystal.  Such  crystals  also  exhibit  pseudo-synametry  and  are 
specifically  called  mimetic.  Thus  aragonite  is  an  example  of  an  orthorhombic 
species,  whose  crystals  often  imitate  by  twinning  those  of  the  hexagonal 
system.*  Again,  a  highly  complex  twinned  crystal  of  the  monoclinic  species, 
phillipsite,  may  have  nearly  the  form  of  a  rhombic  dodecahedron  of  the  iso- 
metric system.  This  kind  of  pseudo-synametry  also  occurs  among  the 
classes  of  a  single  system,  since  a  crystal  belonging  to  a  class  of  low  sym- 
metry may  by  twinning  gain  the  geometrical  symmetry  of  the  corresponding 

*  The  terms  paeudo^kexoffonalf  etc.,  used  in  this  and  similar  cases  explain  themselveB. 
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fonn  of  the  nonnal  class.     This  is  illustrated  by  a  twinned  crystal  of  scheelite 
like  that  figured  (Fig.  416)  in  the  chapter  on  twin  crystab. 

Pseudo-symmetry  of  still  another  kind,  where  there  is  an  imitation  of  the 
sjinmetry  of  another  system  of  lower  grade,  is  particularly  common  in 
ctystals  of  the  isometric  system  (e.g.,  gold,  copper).  The  result  is  reached  in 
such  cases  by  an  abnormal  development  of  "distortion"  in  the  direction  of 
certain  axes  of  symmetry.  This  subject  is  discussed  and  illustrated  on  a 
later  page. 

21.  Possible  Classes  of  Symmetry.  —  The  theoretical  consideration  of 
the  different  kinds  of  symmetry  possible  among  crystals  built  up  of  like  mole- 
cules, as  explained  in  Arts.  3&-32,  has  led  to  the  conclusion  that  there  are 
thirty-two  (32)  types  in  all,  differing  with  respect  to  the  combination  of  the 
different  symmetry  elements  just  described.  Of  these  thirty-two  natural 
classes  among  crystals  based  upon  their  sjnnametry,  seven  classes  include  by 
far  the  larger  number  of  crystallized  minerals.  Besides  these,  some  thirteen 
or  fourteen  others  are  distinctly  represented,  though  several  of  these  are  of 
rare  occiurence.  The  remaining  classes,  with  possibly  one  or  two  excep- 
tions, are  known  among  the  crystallized  salts  made  in  the  laboratory.  The 
characters  of  each  of  the  thirty-two  classes  are  given  under  the  discussion  of 
the  several  crystalline  systems. 

22.  Crystallographic  Axes.  —  In  the  description  of  a  crystal,  especially 
as  regards  the  position  of  its  faces,  it  is  fpund  convenient  to  assume,  after 
the  methods  of  analytical  geometry,  certain  lines  passing  through  the  center 
of  the  ideal  crystal,  as  a  basis  of  reference.     (See  further  Art.  34  et  acq.) 

These  lines  are  called  the  crystallographic  axes.  Their  direction  is  to  a 
greater  or  less  extent  fixed  by  the  symmetry  of  the  crystals,  for  an  axis  of 
symmetry  is  in  almost  all  cases  *  a  possible  crystallographic  axis.  Further, 
the  unit  lengths  assigned  to  these  axes  are  fixed  sometimes  by  the  S3mametry, 
sometimes  by  the  position  of  the  faces  assumed  as  fundamental,  i.e.,  the 
unit  forms  in  the  sense  defined  later.  The  broken  lines  shown  in  Fig.  18  are 
the  crystallographic  axes  to  which  the  cubic  faces  are  referred. 

23.  Systems  of  Crystallization.  —  The  thirty-two  possible  crystal  classes 
which  are  distinguished  from  one  another  by  their  symmetry,  are  classified 
in  this  work  under  six  systems,  each  characterized  by  the  relative  lengths 
and  mcUnations  of  the  assmned  crystallographic  axes.     These  are  as  follows: 

I.  Isometric  System.     Three  equal  axes  at  right  angles  to  each  other. 

II.  Tetragonal  System.  Three  axes  at  right  angles  to  each  other,  two 
of  them  —  the  horizontal  axes  —  equal,  the  third  —  the  vertical  axis  — 
longer  or  shorter. 

III.  Hexagonal  System.  Four  axes,  three  equal  horizontal  axes  in  one 
plane  intersecting  at  angles  of  60^,  and  a  vertical  axis  at  right  angles  to  this 
plane  and  longer  or  shorter. 

IV.  ORTHORHOBfBic  SYSTEM.  Three  axes  at  right  angles  to  each  other, 
but  all  of  different  lengths. 

V.  MoNOCLiNic  System.  Three  axes  imequal  in  length,  and  having 
one  of  their  intersections  oblique,  the  two  other  intersections  equal  to  90°. 

VI.  Triclinic  System.  Three  unequal  axes  with  mutually  oblique 
intersections. 

*  Exceptions  are  found  in  the  isometric  system,  where  the  axes  must  necessarily  be  the 
axes  of  tetragonal  synunetry  (Fig.  18),  and  cannot  be  those  of  binary  or  trigonal  symmetry 
(Figs.  16,  17). 
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24.  Each  one  of  the  six  systems,  as  will  be  understood  from  Art.  21, 
embraces  several  classes  differing  among  themselves  in  their  symmetry. 
One  of  these  classes  is  conveniently  called  the  normal  class,  since  it  is  in 
general  the  common  one,  and  since  further  it  exhibits  the  highest  degree  of 
symmetry  possible  for  the  given  system,  while  the  others  are  lower  in  grade 
of  symmetry. 

It  is  important  to  note  that  the  classes  comprised  within  a  given  system 
are  at  once  essentially  connected  together  by  their  common  optical  characters, 
and  in  general  separated  *  from  those  of  the  other  systems  in  the  same  way. 

Below  is  given  a  list  of  the  six  systems  together  with  their  subordinate 
classes,  thirty-two  in  all.  The  order  and  the  names  given  first  are  those  that 
are  used  in  this  book  while  in  the  following  parentheses  are  given  other 
equivalent  names  that  are  also  in  common  use.  Under  nearly  all  of  the 
classes  it  is  possible  to  give  the  name  of  a  mineral  or  an  artificial  compound 
whose  crystals  serve  to  illustrate  the  characters  of  that  particular  class. 
There  is  some  slight  variation  between  different  authors  in  the  order  in  which 
the  crystal  systems  and  classes  are  considered  but  in  the  main  essentials  all 
modem  discussions  of  crystallography  are  uniform. 

ISOMETRIC  SYSTEM 
{RegyloTf  Cubic  System) 

1.  Normal  Class.     (Hexoctahedral.    Holohedral.)    Galena  Type. 

2.  PTBrroHEDRAL  Class.  (Dyakisdodecahedral.  Pentagonal  Hemihe- 
dral.)    Pyrite  Type. 

3.  Tetbahedral  Class.  (Hextetrahedral.  Tetrahedral  Hemihedral.) 
Tetrahedrite  Type. 

4.  Plagiohedral  Class.  (Pentagonal  Icositetrahedral.  Plagiohedral 
Hemihedral.)    Cuprite  Type. 

5.  Tetabtohedral  Class.  (Tetrahedral  Pentagonal  Dodecahedral.) 
Sodium  Chlorate  Type. 

TETRAGONAL  SYSTEM 

6.  Normal  Class.  (Ditetragonal  Bipyramidal.  Holohedral.)  Zircon 
Type. 

7.  Hemimorphic  Class.  (Ditetragonal  Pyranudal.  Holohedral  Hemi- 
morphic.)     lodosuccinimide  Type. 

8.  Triptramidal  Class.  (Tetragonal  Bipyramidal.  Pyramidal  Hemi- 
hedral.)   Scheelite  Type. 

9.  Ptramidal-Hemimorphic  Class.  (Tetragonal  Pyramidal.  Hemihe- 
dral Hemimorphic.)     Wulfenite  Type. 

10.  Sphenoidal  Class.  (Tetragonal  Sphenoidal.  Sphenoidal  Hemihe- 
dral.    Scalenohedral.)     Chalcopyrite  Type. 

11.  Trapezohedral  Class.  (Tetragonal  Trapezohedral.  Trapezohe- 
dral  Hemihedral.)     Nickel  Sulphate  Type. 

12.  Tetartohedral  Class.  (Tetragonal  Bisphenoidal.)  Artif. 
2  CaO.AUO,.Si02  Type. 

*  Crystals  of  the  tetragonal  and  hexagonal  systems  are  alike  in  being  optically  unaxial; 
but  the  crystals  of  all  the  other  systems  have  distingiiiahing  optical  duSacten. 
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HEXAGONAL  SYSTEM 
A.    Hexagonal  Division 

13.  NoRBLUi  Class.     (Dihexagonal  Bipyramidal.    Holohedral.)    Beryl 
Type. 

14.  Hemimobphic  Class.     (Dihexagonal  Pyramidal.    Holohedral  Hemi- 
morphic.)     Zincite  Type. 

15.  Tripyramidal  Class.     (Hexagonal  Bipyramidal.    Pyramidal  Hemi- 
hedral.)     Apatite  Type. 

16.  Pyramidal-Hemimobphic  Class.     (Hexagonal  Pyramidal.    Pyrami- 
dal Hemihedral  Hemimorphic.)     Nephelite  Type. 

17.  Trapezohedral  Class.     (Hexagonal  Trapezohedral.    Trapezohedral 
HenuhedraL)    j3-Quarta  Type. 

B.    Trigonal  or  Rhombohedral  Division 

{Trigonal  System) 

18.  Trigonal  Class.     (Ditrigonal  Bip3rramidal.    Trigonal  Hemihedral.) 
Benitoite  Type. 

19.  Rhombohedral  Class.     (Ditrigonal  Scalenohedral.    Rhombohedral 
Hemihedral.)     Calcite  Type. 

20.  Rhombohedral  Hemimorphic  Class.     (Ditrigonal  Pyramidal.    Tri- 
gonal Hemihedral  Hemimorphic.)     Tourmaline  Type. 

21.  Tri-Rhombohedral  Class.     (Rhombohedral.    Rhombohedral  Te- 
tartohedral.)     Phenacite  Type. 

22.  Trapezohedral  Class.     (Trigonal  Trapezohedral.    Trapezohedral 
Tetartohedral.)     Quartz  Type. 

23.'  (Trigonal  Bipyramidal.    Trigonal  Tetar- 
tohedral. 

24.  (Trigonal  Pyramidal.    Trigonal  Tetarto- 
hedral Hemimorphic.)  Sodium  Periodate  Type. 

ORTHORHOMBIC  SYSTEM 
{Rhombic  or  Prismaiic  System) 

25.  Normal  Class.     (Orthorhombic  Bipyramidal.    Holohedral.)    Barit^ 
Type. 

26.  Hemimorphic  Class.     (Orthorhombic  Pyramidal.)     Calamine  Type. 

27.  Sphenoidal  Class.     (Orthorhombic  Bisphenoidd.)     Epsomite  Type. 

MONOCLINIC  SYSTEM 
{Oblique  System) 

28.  Normal  Class.     (Prismatic.    Holohedral.)    Gypsum  Type. 

29.  Hemimorphic  Class.     (Sphenoidal.)    Tartaric  Acid  Type. 

30.  Clinohedral  Class.    (Domatic.    Hemihedral.)    Clinohedrite  T3rpe. 

TRICLINIC  SYSTEM 

{Anorthic  System) 

31.  Normal  Class.     (Holohedral.     Pinacoidal.)     Axinite  T3rpe. 

32.  Asymmetric  Class.     (Hemihedral.)     Clacium  Thiosulphate  Type. 
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26.  Symmetry  of  the  Systems.  —  In  the  paragraphs  immediately  fol- 
lowing, a  synopsis  is  given  of  the  symmetry  of  the  normal  doss  of  each  of  the 
different  systems,  and  also  that  of  one  subordinate  class  of  the  hexagonal 
system,  which  is  of  so  great  importance  that  it  is  also  often  conveniently 
treated  as  a  sub-system  even  when,  as  in  this  work,  the  forms  are  rrferred  to 
the  same  axes  as  those  of  the  strictly  hexagonal  type  —  a  usage  not  adopted 
by  all  authors. 

I.  Isometric  System.  Three  Uke  axial  *  planes  of  symmetry  (principal 
planes)  parallel  to  the  cubic  faces,  and  fixing  by  their  intersection  the  cryst^l- 
lographic  axes;  six  like  diagonal  planes  of  symmetry,  passing  through  each 
opposite  pair  of  cubic  edges,  and  hence  parallel  to  the  faces  of  the  rhombic 
dodecahedron. 

Further,  three  like  axes  of  tetragonal  symmetry,  the  crystallographic 
axes  normal  to  the  faces  of  the  cube;  four  like  diagonal  axes  of  trigonal  sym- 
metry, normal  to  the  faces  of  the  octahedron;  and  six  Uke  diagonal  axes  of 
binary  symmetry,  normal  to  the  faces  of  the  dodecahedron.  There  is  also 
obviously  a  center  of  symmetry.!  These  relations  are  illustrated  by  Fig.  27 
also  by  Fig.  35;  further  by  Figs.  92  to  125. 

a? 
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II.  Tetragonal  System.  Three  axial  planes  of  symmetry :  of  these,  two 
are  like  planes  intersecting  at  90°  in  a  line  which  is  the  vertical  crystallo- 
graphic axis,  and  the  third  plane  (a  principal  plane)  is  normal  to  them  and 
hence  contains  the  horizontal  axes.  There  are  also  two  diagonal  planes  of 
S3rmmetry,  intersecting  in  the  vertical  axis  and  meeting  the  two  axial  planes 
at  angles  of  45°. 

Fmther,  there  ia  one  axis  of  tetragonal  symmetry,  a  principal  axis;  this  is 
the  vertical  crystallographic  axis.  There  are  also  in  a  plane  normal  to  this 
four  axes  of  binary  symmetry  —  Uke  two  and  two  —  those  of  each  pair  at  right 
angles  to  each  other.  Fig.  28  shows  a  typical  tetragonal  crystal,  and  Fig.  29 
a  basal  projection  of  it,  that  is,  a  projection  on  the  principal  plane  of  sym- 
metry normal  to  the  vertical  axis.     See  also  Fig.  36  and  Figs.  170-192. 

*  Two  planes  of  83rinmetry  are  said  to  be  like  when  they  divide  the  ideal  crystal  into 
halves  which  are  identical  to  each  other;  otherwise,  they  are  said  to  be  unlike.  Axes  of 
symmetry  are  also  like  or  unlike.  If  a  plane  of  symmetry  includes  two  of  the  crystallo- 
graphic  axes,  it  is  called  an  axial  plane  of  symmetry.  If  the  plane  includes  two  or  more 
uke  axes  of  symmetry,  it  is  called  a  principal  plane  of  symmetry ;  also  an  axis  of  symmetry 
in  which  two  or  more  like  planes  of  symmetry  meet  is  a  principal  oris  of  symmetry. 

t  In  describing  the  synunetry  of  the  different  classes,  here  and  later,  the  center  of 
symmetry  is  ordinarily  not  mentioned  when  its  presence  or  absence  is  obvious. 
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III.  Hexagonal  System.  In  the  Hexagonal  Division  there  are  four 
axial  planes  of  symmetry;  of  these  three  are  like  planes  meeting  at  angles  of 
60'',  their  intersection-line  being  the  vertical  crystallographic  axis;  the  fourth 
plane  (a  principal  plane)  is  at  right  angles  to  these.  There  are  also  three 
other  diagonal  planes  of  symmetry  meeting  the  three  of  the  first  set  in  the 
vertical  axis,  and  making  with  them  angles  of  30^. 

Further,  there  is  one  principal  axis  of  hexagonal  sjrmmetry;  this  is  the 
vertical  crystallographic  axis;  at  right  angles  to  it  there  are  also  six  binary 
axes.  The  last  are  in  two  sets  of  three  each.  Fig.  30  shows  a  typical  hex- 
agonal crystal,  with  a  basal  projection  of  the  same.  See  also  Fig.  37  and 
Figs.  220-227. 


30 


32 


//  m 


Mirrasommitc 


C'aL?iU' 


Chrysolite 


In  the  Trigonal  or  lihombohedral  Division  of  this  system  there  are  three 
like  planes  of  symmetry  intersecting  at  angles  of  60**  in  the  vertical  axis. 
Further,  the  forms  belonging  here  have  a  vertical  principal  axis  of  trigonal 
symmetry,  and  three  horizontal  axes  of  binary  symmetry,  coinciding  with 
the  horizontal  crystallographic  axes.  Fig.  31  shows  a  typical  rhombohedral 
crystal,  with  its  basal  projection.     See  also  Figs.  243-269. 

IV.  Orthorhombic  System.  Three  unlike  planes  of  symmetry  meeting 
at  90°,  and  fixing  by  their  intersection-lines  the  position  of  the  crystallo- 
graphic axes.  Further,  three  unlike  axes  of  binary  symmetry  coinciding  with 
the  last-named  axes.  Fig.  32  shows  a  typical  orthorhombic  crystal,  with  its 
basal  projection.     See  also  Fig.  38  and  Figs.  298-320. 

V.  MoNOCLiNic  System.  •  One  plane  of  symmetry  which  contains  two  of 
the  crystallographic  axes.  Also  one  axis  of  binary  symmetry,  normal  to  this 
plane  and  coinciding  with  the  third  crystaUographic  axis.  See  Fig.  33;  also 
Fig.  39  and  Figs.  333-347. 

\1.  Triclinic  System.  No  plane  and  no  axis  of  synametry,  but  sym- 
metry solely  with  respect  to  the  central  point.  Figs.  34  and  40  show  typical 
triclinic  crystals.    See  also  Figs.  359-366 


20 


CRTSTALLOORAPHT 


26.  The  relations  of  the  normal  classes  of  the  different  systems  are  further 
illustrated  both  as  regards  the  crystallographic  axes  and  symmetry  by  the 
accompanying  figures,  35-40.  The  exterior  form  is  here  that  bound^  by 
faces  each  of  which  is  parallel  to  a  plane  through  two  of  the  crystallographic 
axes  indicated  by  the  central  broken  lines.  Further,  there  is  shown,  within 
this,  the  combination  of  faces  each  of  which  joins  the  extremities  of  the  unit 
lengths  of  the  axes. 

Si 


Pyroxene 


Axinite 


The  full  understanding  of  the  subject  will  not  be  gained  until  after  a 
study  of  the  forms  of  each  system  in  detail.  Nevertheless  the  student  will  do 
well  to  make  himself  familiar  at  the  outset  with  the  fundamental  relations 
here  illustrated. 
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It  will  be  shown  later  that  the  symmetry  of  the  different  classes  can  be 
most  clearly  and  easily  exhibited  by  the  use  of  the  different  projections  ex- 
plained in  Art.  39  et  8eg. 
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27.  Models.  —  Glass  (or  transparent  celluloid)  models  illustrating  the  different  sys- 
tems, having  the  forms  shown  in  Figs.  35-40,  will  be  very  useful  to  the  student,  especially 
in  learning  tne  fundamental  relations  as  regards  symmetrv.  They  should  show  within,  the 
ciystailoKraphic  axes,  and  by  colored  threads  or  wires,  the  outlines  of  one  or  more  simple 
forms.  Models  of  wood  are  also  made  in  great  varietv  and  perfection  of  form;  these  are 
indispeDsable  to  the  student  in  mastering  the  principles  of  crystallography. 


Orthorhombic 
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28.  So-€alled  Holohedral  and  Hemihedral  Forms.  —  It  will  appear 
later  that  each  crystal  form  *  of  the  normal  class  in  a  given  system  embraces 
aU  the  faces  which  have  a  like  geometrical  position  with  reference  to  the 
crystallograpktc  axes;  such  a  form  is  said  to  be  holohedral  (from  '6\ost  com- 
plete, and  U^(x,  face).  On  the  other  hand,  under  the  classes  of  lower  sym- 
metry, a  certain  form,  while  necessarily  having  all  the  faces  which  the  sym- 
metry allows,  may  yet  have  but  half  as  many  as  the  corresponding  form  of 
the  normal  class;  these  half-faced  forms  are  sometimes  called  on  this  account 
hemihedral.  Furthermore,  it  will  be  seen  that,  in  such  cases,  to  the  given 
holohedral  form  there  correspond  two  similar  and  complementary  hemihedral 
forms,  called  respectively  positive  and  negative  (or  right  and  left),  which 
together  embrace  all  of  its  faces. 
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A  sin^e  example  will  help  to  make  the  above  statement  intelligible.  In  the  normal 
daes  of^e  isometric  system,  the  octahedron  (Fig.  41)  is  a  ''holohedral"  form  with  all 
the  possible  faces  —  eight  in  number  —  which  are  cuike  in  that  they  meet  the  axes  at  equal 
distances.  In  the  tetndiedral  class  of  the  same  system,  the  forms  are  referred  to  the  same 
cr>'8tallographic  axes,  but  the  symmetry  defined  in  Art.  19  (and  more  fuUv  later)  calls  for 
but  four  similar  faces  having  the  position  described.  These  yield  a  four-faced,  or  "hemi- 
hedral," form,  the  tetraiiedron.  Figures  42  and  43  show  the  positive  and  negative  tetra- 
hedron, which  together,  it  will  be  seen,  embrace  all  the  faces  oi  the  octahedron.  Fig.  41. 


*  The  use  of  the  word  form  is  defined  in  Art.  87 
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In  certain  classes  of  still  lower  symmetry  a  given  crystal  form  may  have 
ut  one-quarter  of  the  faces  belonging  to  the  corresponding  normal  form,  and, 
after  the  same  method,  such  a  form  is  sometimes  called  tetartohedraL 

The  development  of  the  various  possible  kinds  of  hemihedral  (and  tetarto- 
hedral)  forms  under  a  given  system  has  played  a  prominent  part  in  the  crystal- 
lography of  the  past,  but  it  leads  to  much  complexity  and  is  distinctly  less 
simple  than  the  direct  statement  of  the  sjrmmetry  in  each  case.  The  latter 
metiiod  is  systematically  followed  in  this  work,  and  the  subject  of  hemihe- 
drism  is  dismissed  with  the  brief  (and  incomplete)  statements  of  this  and  the 
following  paragraphs. 

29.  Hemimorphic  Forms.  —  In  several  of  the  systems,  forms  occur 
under  the  classes  of  lower  synmietry  than  that  of  the  normal  class  which  are 
characterized  by  this:  that  the  faces  present  are  only  those  belonging  to  one 

extremity  of  an  axis  of  symmetry  (and  crystaUl^phic 
axis).  Such  forms  are  conveniently  called  hemimorphic 
(half-form).  A  simple  example  imder  the  hexagonal 
system  is  given  in  Fig.  44.  It  is  obvious  that  hemi- 
morphic forms  have  no  center  of  S3rmmetiy. 

30.  Molecular  Networks.  —  Much  light  has  re- 
cently been  thrown  upon  the  relations  existing  between 
the  different  types  of  crystals,  on  the  one  hand,  and  of 
these  to  the  physical  properti^  of  crystals,  on  the  other, 
by  the  consideration  of  the  various  possible  methods  of 
grouping  of  the  molecules  of  which  the  crystals  are 
supposed  to  be  built  up.  This  subject,  very  early 
treated  by  Haiiy  and  others  (including  J.  D.  Dana), 
was  discussed  at  length  by  Frankenheim  and  later  by 
Bravais.  More  recently  it  has  been  extended  and  elaborated  by  Sohncke, 
Wulfif,  Schonflies,  Fedorow,  Barlow,  and  others. 

All  solid  bodies,  as  stated  in  Art.  7,  are  believed  to  be  made  up  of  definite 
physical  units,  called  the  physical,  or  crystal,  molecules.  Of  the  form  of  the 
molecules  nothing  is  definitely  known,  and  though  theory  has  something  to  say 
about  their  size,  it  is  enough  here  to  understand  that  they  are  almost  infinitely 
"^  small,  so  small  that  the  surface  of  a  solid  ^—  e,g.,  of  a  crystal  —  may  appear  to 
the  touch  and  to  the  eye,  even  when  assisted  by  a  powerful  microscope,  as 
perfectly  smooth. 

The  molecules  are  further  believed  to  be  not  in  contact  but  separated  from 
one  another  —  if  in  contact,  it  would  be  impossible  to  explain  the  motion  to 
which  the  sensible  heat  of  the  body  is  due,  or  the  transmission  of  radiation 
(radiant  heat  and  light)  through  the  mass  by  the  wave  motion  of  the  ether, 
which  is  believed  to  penetrate  the  body. 

When  a  body  passes  from  the  state  of  a  liquid  or  a  gas  to  that  of  a  solid, 
under  such  conditions  as  to  allow  perfectly  free  action  to  the  forces  acting 
between  the  molecules,  the  result  is  a  crystal  of  some  definite  type  as  r^ards 
symmetry.  The  simplest  hypothesis  which  can  be  made  assumes  that  the 
form  of  the  crystal  is  determined  by  the  way  in  which  the  molecules  group 
themselves  together  in  a  position  of  equilibrium  under  the  action  of  the  inter- 
molecular  forces. 

As,  however,  the  forces  between  the  molecules  vary  in  magnitude  and 
direction  from  one  type  of  crystal  to  another,  the  tesultant  grouping  of  the 
molecules  must  also  vary,  particularly  as  regards  the  distance  between  them 
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•  :4i  M.'nple  crystti!^,  that  they  have  like  pliysical  propi-rti^-.s  :ri  all  pani'iel 
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;ul)je^'t  may  l>e  iUustrate<l  by  Figs.  4n,  4G  for  two  ty])ical  cases,  which 


.  .i-ily  undcrstoo<l.     In  Fig.  45  the  most,  special  case  is  repre.sent(Hl  wh(Te 

]w»iM*s  are  group<*(l  at  espial  distances,  in  {)laiies  at  riu;ht  angles  to  each 

J       11  te  structure  in  this  case  obviously  corr(*--p( mds  in  synunetry  to  the 

"*•  d<'>fi'ii^»Ml  in  ArtsS.  15  and  16,  or,  in  otln'r  words,  to  the  normal  class  oi 

i-vMinet.ric^  system.     Again,  in  P'ig.  4(>,  the  general  case  is  show^n  whi're  the 

!  -cule-  are  une<jually  group<\l  in  the  thrcM'  directioas,  and  further  these  f^ 

X  >it'ir^  lire  obhque.     The  symmetry  is  Iwn^  that  of  the  normal  da.ss  of  the 

1:mh'  sv.-tcm. 

\i.  ill  eich  of  these  cases,  the^  figure  l>e  bo\mde<l  by  the  simplest  possii^le 

:i!c:»rnent  of  eight  points,  the  ri^ult  is  an  ehtunficry  pfirallchfpijH^d,  which 

'o.'MV  (1<  lines  the  molecular  structurt*  of  the  whole.     In  the  groupirig  of 

p!Mallelopipeils  together,  as  described,  it  is  ol)vious  that  in  whatever 

.  ::oM  a  line  be  dra^^^l  through  them,  the  f)oint^  (molecules)  will  be  spaced 

:i'<  •  alonti:  it,  and  the  grouping  tbout  any  one  of  tlw^se^  points  will  \x^.  the  same 

-  :ib(Mjt  a!iy  other. 

31.    (xu-t.ain  im|X)rtant  ton.lnsions  can  }>^  d«'<iuced  from  a  considc^i'ation 
r  -u<  fi  n^gular  molecular  networks  as  lia\e  Ik.  n  spoken  of,  which  will  be 
(ij»jnier-jt<Hi  here  though  it  is  im}H)ssii)i'^  to  attempt  a  full  explanation. 

(I)    The  prominent  crystalline  fac<?<  mu^t  l>"  such  a*s  include  the  largest 
•  iimlx^r  of  points,  that  is,  tliosc  in  which  tlu.^  i^oinls  are  nearest  together. 

Thu.-  in  Fie.  47,  which  repi'csents  a  sci^tiun  of  a  network  conl'orTning  in 
x^mnetrv  U^  tiie  structure  of  a  normal  ortljorlioml«ic  crystal,  the  c»)nnnon 
rvs^aihiit*  faces  would  be  expected  to  be  those  having  the  iX)sition  66,  ua,  m//?, 
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then  H,  nn^  and  so  on.  This  is  found  to  h(»  true  in  the  study  of  crystals,  f«*i 
the  common  forms  are,  in  nearly  all  cases,  those  whose  position  bears  souiP 
simple  relation  to  the  assume<l  axes;  forms  whose  position  is  complex  are 
usually  present  only  as  small  faces  on  the  simple  predominating  forms,  that 
is,  as  niodifications  of  them  So-called  vicifuU  forms,  that  is,  forms  takiTiti; 
the  place  of  the  simple  fundamental  forms  to  which  they  approximate  veiy 
closely  in  angular  position,  are  exceptional. 


47 


Orthorhombic  Point  System 


(2)  When  a  variety  of  faces  occur  on  the  same  crystal,  the  numerical  rela- 
tion existing  betwetm  them  (that  which  fixes  their  position)  must  be  rational 
and,  as  stated  in  (1),  a  simple  numerical  ratio  is  to  be  expected  in  the  common 
cases.  This  as  explained  later,  is  found  by  experience  to  be  a  fundamental 
law  of  all  crystals.  Thus,  in  Fig.  47,  starting  with  a  face  meeting  the  section 
in  mmy  II  would  be  a  common  face,  and  for  it  the  ratio  is  1  •.  2  in  the  directions 
b  and  a;  nn  would  be  also  common  with  the  ratio  2  :  1. 

(3)  If  a  crystal  shows  the  natural  ea.sy  fracture,  called  cleavage,  due  to  a 
minimum  of  cohesion,  the  cleavage  surface  must  be  a  surface  of  relatively 
great  molecular  crowding,  that  is,  one  of  the  common  or  fundamental  faces. 
This  follows  (and  thus  gives  a  partial,  though  not  ('omplete,  explanation  of 
cleavage)  since  it  admits  of  easy  proof  that  that  plane  in  which  the  points 
are  closest  togetlior  is  fait.h(\st  separated  from  the  next  molecular  plane. 
Thus  in  Fig  47  compare  the  •listance  separating  two  adjoining  planes  parallel 
to  hb  or  aa,  then  two  parallel  to  mnty  U,  nn,  etc  Illustrations  of  the  abovt} 
will  be  found  under  the  special  discussion  of  tlie  subject  of  cleavage. 
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32.  Kinds  of  Molecular  Groupings.  —  The  discussion  on  the  basis  just 
described  shows  that  there  are  fourteen  possible  types  of  arrangement  of  the 
molecules.  These  agree  as  to  their  symmetry  with  the  seven  classes  defined 
in  Art.  26  as  representing  respectively  the  normal  classes  of  the  six  systems 
with  also  that  of  the  trigonal  (or  the 
rhombohedraJ)  division  of  the  hex- 
agonal system.  Of  the  fourteen,  p:$r  -"^-^ 
three  groupings  belong  to  the  iso»    ;    j 

u 


;?=i;<? 


laometric  Latttoes 


metric  system  (these  are  shown,  for 
sake  of  illustration,  in  Fig.  48  from 
Groth;  a,  cube  lattice;  b,  cube- 
centered  lattice;  c,  face  centered 
cube  lattice) ;  two  to  the  tetragonal; 
one  each  to  the  hexagonal  and  the  rhombohedral;  four  to  the  orthorhombic 
system;  two  to  the  monocUnic,  and  one  to  the  triclinic. 

In  its  simplest  form,  as  above  outlined,  the  theory  fails  to  explain  the  ex- 
istence of  the  classes  under  the  several  systems  of  a  symmetry  lower  than  that 
of  the  normal  class.  It  has  been  shown,  however,  by  Sohncke  and  later  by 
Fedorow,  Schonflies  and  Barlow,  that  the  theory  admits  of  extension.  The 
idea  supposed  by  Sohncke  is  this:  that,  instead  of  the  simple  form  shown,  the 
network  may  consist  of  a  double  system,  one  of  which  may  be  conceived  of  as 
having  a  position  relative  to  the  other  (1)  as  if  pushed  to  one  side,  or  (2)  as  if 
rotated  about  an  axis,  or  finally  (3)  as  if  both  rotated  as  in  (2)  and  displaced 
as  in  (1)  The  complexity  of  the  subject  makes  it  impossible  to  develop  it 
here.  It  must  suffice  to  say  that  with  this  extension  Sohncke  concludes  that 
there  are  65  possible  groups.  This  number  has  been  further  extended  to  230 
by  the  other  authors  named,  but  it  still  remains  true  that  these  fall  into  32 
distinct  types  as  regards  symmetry,  and  thus  all  the  observed  groups  of  forms 
among  crystals,  described  under  the  several  systems,  have  a  theoretical 
explanation. 

Literature,  —  A  complete  understanding  of  this  subject  can  only  be  gained 
by  a  careful  study  of  the  many  papers  devoted  to  it.  An  excellent  and  very 
clear  summary  of  the  whole  subject  is  given  by  Groth  in  the  fourth  edition  of 
his  Physikalische  Krystallographie,  1^5,  and  by  Sommerfeldt,  in  his  Physi- 
kalische  Kristallographie,  1907. 

33.  X-Rays  and  Crystal  Structure.  —  In  1912,  while  attempting  to 
prove  a  similarity  m  character  between  X-rays  and  light,  Dr.  Laue,  of  the 
University  of  Zurich  conceived  the  idea  of  using  the  ordered  arrangement  of 
the  molecules  or  atoms  of  a  crystal  as  a  "  diffraction  gratmg  "  for  their  analysis 
By  placing  a  photographic  plate  behind  a  crystal  section  which  in  turn  lay 
in  the  path  of  a  beam  of  X-rays  he  found  that  not  only  did  the  developed 
plate  show  a  dark  spot  in  its  center  where  the  direct  pencil  of  the  X-rays  had 
hit  it  but  it  also  showed  a  large  number  of  smaller  spots  arranged  around  the 
center  in  a  regular  geometrical  pattern.  This  pattern  was  formed  by  the 
interference  of  waves  which  had  been  diffracted  in  different  directions  by  the 
molecular  structure  of  the  crystal.  In  this  way  he  succeeded  in  proving  that 
X-rays  belong  to  the  same  class  of  phenomena  as  light  but  with  a  much 
shorter  wave  length.  The  experiment  showed  indeed  that  the  wave  lengths 
of  the  X-rays  must  be  comparable  to  the  distances  between  the  layers  of 
molecular  particles  of  crystals.  Another,  and,  from  the  crystallographic  point 
of  view,  a  very  important,  result  of  this  investigation  was  the  furnishing  of  a 
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method  for  the  study  of  the  internal  structure  of  crystals.    The  position  of ' 
the  smaller  dark  spots  in  the  Laue  photographs  corresponded  to  that  of 
various  planes  existing  in  the  crystal  network  parallel  to  possible  crystal 
faces  and  their  arrangement  indicated  the  symmetry  of  the  crystal. 

Following  these  investigations  of  Laue  and  his  colleagues  another  fruitful 
method  of  investigation  of  crystal  structure  by  means  of  X-rays  was  devised 
by  W.  H.  and  W.  L.  Bragg.  In  this  method  the  beam  of  X-rays  meets  the 
crystal  section  with  varying  acute  angles  of  incidence  and  the  reflection  of 
the  rays  is  studied.  The  X-rays  are  not  reflected  from  the  surface  of  the 
section  like  light  rays  but  because  of  their  short  wave  lengths  penetrate  the 
crystal  section  and  are  reflected  from  the  successive  layers  of  its  molecular 
structure.  In  studying  the  reflection  phenomena  we  have  to  consider  the 
effect  upon  each  other  of  these  different  wave  trains  originating  from  the 
different  layers  of  the  crystal.  In  general  these  various  reflected  waves 
would  be  in  different  phases  of  vibration  and  so  would  tend  to  interfere  with 
each  other  with  the  consequent  cessation  of  all  vibrations.  But  with  a  cer- 
tain angle  of  incidence  and  reflection  it  would  happen  that  the  different  re- 
flected rays  would  possess  on  emergence  from  the  crystal  the  same  phase  of 
vibration  and  would  therefore  reinforce  each  other.  This  angle  would  vary 
with  the  wave  length  of  the  X-ray  used  (for  it  has  been  found  that  the  wave 
length  of  X-rays  varies  with  the  metal  that  is  used  as  the  anticathode  in  the 
X-ray  bulb)  and  with  the  spacing  between  the  molecular  layers  of  the  mineral 
used.  It  is  also  obvious  that  there  might  be  other  angles  of  incidence  at 
which  the  successive  wave  trains  would  each  differ  in  phase  by  two  or  even 
more  whole  wave  lengths  from  the  preceding  one  and  a  similar  strong  re- 
flected beam  obtained.  By  the  use  of  a  special  X-ray  spectrometer  the  angles 
at  which  these  reflections  take  place  can  be  accurately  measured.  If  the 
character  of  the  X-ray  used  is  therefore  kept  constant  these  angles  of  reflec- 
tion give  the  data  necessary  for  calculating  the  distance  between  the  succes- 
sive molecular  layers  in  the  particular  mineral  used  and  for  the  direction 
perpendicular  to  the  surface  used  for  reflection.  The  spacing  of  the  molec- 
ular layers  was  found  to  vary  with  different  substances  and  in  different 
directions  in  the  same  substance  and  by  making  a  series  of  observations  it 
has  been  possible  to  arrive  at  some  very  interesting  conclusions  as  to  the 
character  of  the  molecular  structure  of  certain  minerals  as  well  as  to  the 
relationship  existing  between  the  structures  of  different  but  related  com- 
pounds. The  possibilities  lying  in  these  methods  of  attack  are  very  great 
and  unquestionably  much  new  information  concerning  crystal  structure  will 
soon  be  available.  An  excellent  summary  of  the  methods  employed  and  the 
results  already  obtained  will  be  found  in  "  X-rays  and  Crystal  Structure  " 
by  W.  H.  and  W.  L.  Bragg,  1915. 
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CRYSTALS 

34.  Axial  Ratio,  Axial  Plane.  —  The  crystallographic  axes  have  been 
defined  (Art.  22)  as  certain  lines,  usually  determined  by  the  symmetry,  which 
are  used  in  the  description  of  the  faces  of  crystals,  and  in  the  determination  of 
their  position  and  angular  inclination.    With  these  objects  in  view,  certain 


GENERAL  MATHEMATICAL  RELATIONS  OF   CRYSTALS 


27 


49 


lengths  of  these  axes  are  assumed  as  units  to  which  the  occurring  faces  are 
referred. 

The  axes  are,  in  general,  lettered  a,  b,  c,  to  correspond  to  the  scheme  in 
Fig.  49.  If  two  of  the  axes  are  equal,  they  are  designated  a,  a,  c;  if  the  three 
are  equal,  a,  a,  a.  In  one  S3rstem,  the  hexagonal,  there  are 
four  axes,  lettered  a,  a,  a,  c. 

Further,  in  the  S3n3teins  other  than  the  isometric,  one  -he 

of  the  horizontal  axes  is  taken  as  the  unit  to  which  the  other 
axes  are  referred;  hence  the  lengths  of  the  axes  express 
strictly  the  axial  ratio.  Thus  for  sulphur  (orthorhombic, 
see  Fig.  49)  the  axial  ratio  is 

a:b:c^  O'SISI  :  1  :  1-9034. 


Orthorhombic 
Crystal  Axes 


For  rutile  (tetragonal)  it  is 

a  :  c  =  1  :  064415,    or,  simply,    c  =  0*64415. 

The  plane  of  any  two  of  the  axes  is  called  an  axial  plane, 
and  the  space  included  by  the  three  axial  planes  is  an  octant, 
since  the  total  space  about  the  center  is  thus  divided  by  the 
three  axes  into  eight  parts.  In  the  hexagonal  system,  how- 
ever, where  there  are  three  horizontal  axes,  the  space  about 
the  center  is  divided  into  12  parts,  or  sectanta, 

36.  Parameters,  Indices,  Symbol.  —  Parameters.    The  parameters  of 
a  plane  consist  of  a  series  of  numbers  which  express  the  relative  intercepts 

of  that  plane  upon  the  crys- 
tallographic  axes.  They  are 
given  in  terms  of  the  estab- 
lished unit  lengths  of  those 
axes.  For  example,  in  Fig. 
\M  50  let  the  Unes  OX,  OY,  OZ 

be  taken  as  the  directions  of 
the  crystallographic  axes,  and 
let  OA,  OB,  OC  represent 
their  unit  lengths,  designated 
•(always  in  the  same  order)  by 
the  letters  a,  b,  c.  Then  the 
intercepts  for  the  plane  (1) 
HKL  are  OH,  OK,  OL;  for 
the  plane  (2)  ANM  they  are 
OA,  ON,  OM.  But  in  terms 
of  the  unit  lengths  of  the 
axes  these  give  the  following 
parameters, 


and 


(1) 
(2) 


ia 


J6  :  ic 


la  :  ^  :2c. 


It  is  to  be  noted  that  since 

I  the   two    planes  HKL  and 

MNA  are  parallel  to  each  other  and  hence  crystallographically  the  same, 

these  two  sets  of  parameters  are  considered  to  be  identical.    Obviously  each 

of  them  may  be  changed  into  the  other  by  multiplying  (or  dividing)  by  4. 
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Indices  and  Symbol.  Simplified  and  abbreviated  expressions  which  have 
been  derived  from  the  parameters  of  a  crystal  form  are  commonly  used  to 
give  its  relations  to  the  crystallographic  axes.  These  are  known  as  indices. 
A  nimiber  of  different  methods  of  deriving' indices  have  been  devised  and 
several  are  in  use  at  present.  The  so-called  Miller  indices  are  most  widely 
employed  and  will  be  exclusively  used  in  this  work.*  Below,  a  description 
of  the  other  important  systems  of  indices  is  given  together  with  the  neces- 
sary directions  for  transforming  one  type  into  another. 

The  Miller  indices  may  be  derived  from  the  parameters  of  any  form  by 
taking  their  reciprocals  and  clearing  of  fractions  if  necessary.  For  instance 
take  the  two  set^  of  parameters  as  given  above. 

(1)     iaiib:  Jc,      and      (2)     la  :  ^  :  2c. 

By  inversion  of  these  expressions  we  obtain 

(1)  4a  :  36  :  2c,      and      (2)     lo  :  ffe  :  Jc. 

In  the  case  of  (2)  it  is  necessary  to  clear  of  fractions,  giving 

(2)  4a  :  36  :  2c. 

The  indices  of  this  form  then  are  4  a  :  3  6  :  2  c.     The  letters  indicating  the 

different  axes  are  commonly  dropped  and  the  indices  in  this  case  would  be 

written  simply  as  432,  the  intercepts  on  the  different  axes  being  indicated  by 

the  order  in  which  the  numbers  are  given. 

A  general  expression  frequently  used  for  the  indices  of  a  form  belonging 

to  any  crystal  system  which  has  three  crystallographic  axes  is  hid.    In  the 

hexagonal  system,  which  has  four  axes,  this  becomes  hkil.     If  the  parameters 

of  a  form  be  written  so  that  they  are  fractions  with  the  numerators  always 

unity  then  the  denominators  will  become  the  same  as  the  corresponding  in- 

•  111 

dices.    The  general  expression  in  this  case  would  therefore  b®  r  r  ;• 

The  symbol  of  a  given  form  is  the  indices  of  the  face  of  that  form  which 
has  the  simplest  relations  to  the  crystallographic  axes.  The  symbol  is  com- 
monly used  to  designate  the  whole  form. 

Various  examples  are  given  below  illustrating  the  relations  between  param- 
eters and  indices. 

•     Parameters  Miller's  Symbol 

u\   26;    Ic)  =i«:i«':i<'-  212 

}";«6;  ^}=i«=**  =  i*-      201 
i2;  26;«c}  =*«  =  *'=*<'-      210    . 

lo  :  oo6  :  ooc     =  ja  :  J6  :  Jc  =  100 

If  the  axial  intercepts  are  measured  in  behind  on  the  a  axis,  or  to  the 

left  on  the  6  axis,  or  below  on  the  c  axis,  they  are  called  negative,  and  a  minus 

sign  is  placed  over  the  corresponding  number  of  the  indices;  as 

Parameters  Indices 

-Ja:-i6:ic=         52l 
-Jo  :      46  :  Ic  =         501 

t 

'  '  1  —       '  —  '  ' 

*In  the  hexagonal  system  the  indices  iised  are  those  adapted  by  Bravais  after  the 
method  of  MUler. 
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Diflferent  Systems  of  Indices.  The  Weiss  indices  are  the  same  as  the  parameters 
described  above.  The  different  axes  are  represented  by  the  letters  a,  h  and  c,  each  being 
preceded  by  a  number  indicating  the  relative  intercept  of  the  face  in  question  upon  that 
particular  axis.  For  instance,  a  possible  orthorhombic  p3rramid  face  might  be  represented 
as  la  :  26  :  jc.  The  Weiss  indices  may  be  converted  into  the  Miller  indices  by  inversion 
and  clearing  of  fractions,  the  above  symbol  becoming  then  213.  In  the  Naumann  indices 
the  unit  pyramidal  form  is  indicated  by  O  in  the  isometric  system  where  the  three  crystal 
axes  all  have  the  same  unit  lengths  or  by  P  where  the  axes  differ  in  their  unit  lengths. 
For  other  forms  the  indices  become  mPn  (or  mOn)  in  which  m  gives  the  intercept  upon  the 
vertical  axis,  c,  and  n  the  intercept  upon  one  of  the  horizontal  axes  (a  or  &),  the  intercept 
upon  the  other  horizontal  axis  bemg  alwajrs  at  unity.  To  which  particular  horizontal  axis 
this  number  refers  may  be  indicated  by  a  mark  over  it  as  rl  for  the  b  axis,  ^  or  n'  for  the 
a  axis.  If  the  intercept  m  orn  is  unity  it  is  omitted  from  the  indices.  The  pyramid  face 
used  as  an  example  above  would  therefore  in  the  Naumann  notation  be  represented  by 
}P2.  Other  examples  are  given  in  the  table  below.  J,  D.  Dana  modified  tne  Naumann 
indices  by  substituting  a  hyphen  for  the  letter  P  or  O  and  i  for  the  infinity  sign,  oo .  He 
desiznated  the  fundamental  p3rramid  form  simply  by  1 .  When  the  only  parameter  differ- 
ing m>m  unity  was  that  one  which  referred  to  tne  intercept  upon  the  vertical  axis,  it  was 
written  alone^  for  example  the  pyramid  face  having  the  parameter  relations  of  la  :  16  :  2c 
would  be  indicated  by  2.  The  Naumann  and  Dana  indices  are  easily  converted  into  the 
Miller  indices  by  arranging  them  in  the  proper  order,  inverting  and  then  clearing  of  frac- 
tions. Goldschmidl  has  proposed  another  method  of  deriving  indices.  This  has  the 
advantage  that  the  indices  for  any  particular  face  can  be  derived  directly  from  the  position 
of  its  pole  on  the  gnomonic  projection.  The  first  number  gives  the  linear  position  of  the 
pole  in  respect  to  the  left  to  right  medial  line  of  the  projection  and  in  terms  of  the  unit 
pace  distance  of  the  projection  (see  Art.  84).  Tlie  second  figure  similarly  gives  the 
position  of  the  pole  in  reference  to  the  front  to  back  medial  line.  These  two  figures  con- 
stitute the  Goloschmidt  indices  of  the  face.  If  the  two  numbers  should  be  the  same  the 
second  is  omitted.  Tlie  Goldschmidt  indices  are  easily  converted  into  the  Miller  indices 
by  adding  1  as  the  third  figure  and  clearing  of  fractions  and  eliminating  any  x  sign. 

The  relations  between  the  Miller  and  the  MiUer-Bravais  indices  for  the  hexagonal 
system  are  given  in  Art.  169. 

• 

EXAMPLES  OF  INDICES  ACCORDING  TO  VARIOUS  SYSTEMS  OF 

NOTATION 


Weiss 

Naumann 

Dana 

OoIdBchmidt 

MiUer 

la:   16  :   2c 

■ 

2P 
0P2 
2Poo 
00  P2 

00  P« 

2 

1-2 
2-i 
i-2 

■     • 

1-1 

2 

li 

20 
2oo 
ooO 

221 

la:  2b:    Ic 

212 

la  :  oo6  :    2c 

201 

la  :  26  :  ooc 

210 

la  :  oo6  :  ooc 

100 

36.  Law  of  Rational  Indices.  —  The  study  of  crystals  has  established 
the  general  law  that  the  ratios  between  the  intercepts  on  the  axes  for  the 
different  faces  on  a  crystal  can  always  be  expressed  by  rational  numbers. 

These  ratios  may  be  1:2,  2:1,  2:3,  1  :  oo ,  etc.,  but  never  1  :  V^,  etc. 
Hence  the  values  of  hkl  in  the  Miller  symbols  must  always  be  either  whole 
numbers  or  zero. 

If  the  form  whose  intercepts  on  the  axes  a,  6,  c  determine  their  assumed 
unit  lengths  —  the  unit  form  as  it  is  called  —  is  well  chosen,  these  numerical 
values  of  the  indices  are  in  most  cases  very  simple.  In  the  Miller  symbols, 
0  and  the  numbers  from  1  to  6  are  most  common. 

The  above  law,  which  has  been  established  as  the  result  of  experience,  in 
fact  follows  from  the  consideration  of  the  molecular  structure  as  hinted  at  in 
an  earlier  paragraph  (Art.  31). 


30 


CRYSTALLOGRAPHT 


61 


37.  Form.  —  A  form  in  crystallography  includes  all  the  faces  which 
have  a  like  position  relative  to  the  planes,  or  axes,  of  symmetry.  The  full 
meaning  of  this  will  be  appreciated  after  a  study  of  the  several  systems.  It 
will  be  seen  that  in  the  most  general  case,  that  of  a  form  having  the  symbol 

{)\kl),  whose  planes  meet  the  assumed  unit  axes  at  unequal 
lengths,  there  must  be  forty-eight  like  faces  in  the  isometric 
system  *  (see  Fig.  121),  twenty-four  in  the  hexagonal  (Fig.  226), 
.  sixteen  in  the  tetragonal  (Fig.  187),  eight  in  the  orthorhombic 
(Fig.  51),  four  in  the  monoclinic,  and  two  in  the  triclinic.  In 
the  first  four  systems  the  faces  named  yield  an  enclosed  solid, 
and  hence  the  form  is  called  a  dosed  form;  in  the  remaining 
two  systems  this  is  not  true,  and  such  forms  in  these  and 
other  cases  are  called  open  forms.  Fig.  298  shows  a  crystal 
bounded  by  three  pairs  of  unlike  faces;  each  pair  is  hence  an 
open  form.    Figs.  52-65  show  open  forms. 

The  unit  or  fundamental  form  is  one  where  parameter  cor- 
respond to  the  assumed  unit  lengths  of  the  axes.  Fig.  51  shows  the  unit 
pyramid  of  sulphur  whose  symbol  is  (111);  it  has  eight  similar  faces,  the 
position  of  which  determines  the  ratio  of  the  axes  given  in  Art.  34. 


52 


Basal  Pinacoid 
(001) 


Pricim 
(110)  (hkO) 


M 
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Dome 

(101),  (m) 


Dome 

(Oil),  (OW) 


*  The  normal  clsuss  is  referred  to  in  each  case. 
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The  forms  in  the  isometric  system  have  special  individual  names,  given  later.  In  the 
other  svstems  certain  general  names  are  employed  in  this  book  which  may  be  briefly  men- 
tioned here.  A  form  whose  faces  are  parallel  to  two  of  the  axes  *  is  called  a  pinaand  (from 
xiMT^,  a  board).  It  is  shown  in  Fig.  52.  One  whose  faces  are  parallel  to  the  vertical  axis 
but  meet  both  the  horizontal  axes  is  called  a  prisMf  as  Fig.  53.  If  the  faces  are  parallel  to 
oDe  horizontal  axis  only,  it  is  a  dome  (Figs.  54,  55).  If  the  faces  meet  all  the  axes,  the  form 
!:»  a  pyramid  (Fig.  51);  this  name  is  given  even  if  there  is  only  one  face  belongmg  to  the 
form. 

In  Fig.  56,  a(lOO),  6(010)  are  pinacoids:  m(llO),  8(120)  are  prisms;  d(lOl)  and  A;(021) 
are  domes;  all  these  are  open  forms.  Finally.  e(l  1 1)  is  a  pyramid,  this  being  a  closed  form. 
The  relation  existing  in  each  of  these  cases  between  the  symbol  and  the  position  of  the 
faces  to  the  axes  should  be  carefully  studied. 

As  shown  in  the  above  cases,  the  symbol  of  a  form  is  usually  included  in  parentheses, 
as  (HI),  (100);  or  it  may  be  in  brackets  [HI]  or  UH  K 

38.  Zone.  —  A  zone  includes  a  series  of  faces  on  a  crystal  whose  inter- 
section-lines are  mutually  parallel  to  each  other  and  to  a  common  line  drawn 
through  the  center  of  the  crystal,  called  the  zone-axia.  This 
parallelism  means  simply  that  the  given  faces  are  either  all 
parallel  to  one  of  the  crystallographic  axes  or  that  their 
parameters  have  a  constant  ratio  for  two  of  the  axes.  Some 
simple  numerical  relation  exists,  in  every  case,  between  all 
the  faces  in  a  zone,  which  is  expressed  by  the  zonal  eqiuUion 
(see  Art.  46).  The  faces  m,  s,  b  (Fig.  56)  are  in  a  zone; 
also,  b  and  k. 

If  a  face  of  a  crystal  falls  simultaneously  in  two  zones, 
it  follows  that  its  symbol  is  fixed  and  can  be  determined 
from  the  two  zonal  equations,  without  the  measurement  of 
angles.  Further,  it  can  be  proved  that  the  face  correspond- 
ing to  the  intersection  of  two  zones  is  always  a  possible 
cr\'stal  f ace,  that  is,  one  having  rational  values  for  the  indices 
which  define  its  position. 

In  many  cases  the  zonal  relation  is  obvious  at  sight,  but 
it  can  always  be  determined,  as  shown  in  Arts.  46,  46  by  an 
easy  calculation. 

Illustrations  will  be  gjven  after  the  methods  of  representing  a 
crystal  by  the  various  projections  have  been  explained.  Chrvsolite 

39.  Horizontal  Projections.  —  In  addition  to  the  usual 

perspective  figures  of  crystals,  projections  on  the  basal  plane  (or  more  gener- 
ally the  plane  normal  to  the  prismatic  zone)  are  very  conveniently  used. 
These  give  in  fact  a  map  of  the  crystal  as  viewed  from  above  looking  in  the 
direction  of  the  axis  of  the  prismatic  zone.  Figs.  30-33  give  simple  examples. 
In  these  the  successive  faces  may  be  indicated  by  accents,  as  in  Fig.  56,  passing 
around  in  the  direction  of  the  axes  a,  &,  a,  that  is,  counter-clockwise.  On 
the  construction  of  these  projections  see  the  Appendix  A. 

40.  Spherical  Projection.  —  The  study  of  actual  crystals,  particularly 
as  regards  the  angular  and  zonal  relations  of  their  faces,  is  much  facilitated 
by  the  use  of  various  projections.  The  simplest  of  these  and  the  one  from 
which  the  others  may  be  derived  is  known  as  the  spherical  projection. 

In  making  a  spherical  projection  of  a  crystal  it  is  assumed  that  the  crystal 
within  a  sphere,  the  center  of  which  coincides  with  the  center  of  the 


*  In  the  tetragonal  system  the  form  (100)  is,  however,  called  a  prism  and  (101)  a 

pyramid. 
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crystal  {i.e.  the  point  of  intersection  of  ita  cryst&Uographic  axes).     From  this 

common  center  normals  are  drawn  to  the  successive  faces  of  the  crystal  and 

continued  until  they  meet  the  surface  of  the  sphere.     The  points  in  which 

these  normals  touch  that  surface  locate  the  poles  of  the  respective  faces  and 

If  t(^ther  form  the  spherical 

projection   of   the    crystal. 

The  method  of   formatioD 

and   the    character  of    the 

spherical  projection  is  shown 

in  Fig.  57. 

It  is  to  be  noted  that  all 
the  poles  of  faces  which  lie 
in  the  same  zone  on  the 
crystal,  t.e.  faces  whose  in- 
tersection lines  are  mutually 
parallel,  fall  upon  the  same 
great  circle"  on  the  sphere. 
TEis~ia~11histrat6d  in  the 
figure  in  the  case  of  the 
tone  a-d-a  and  a-o-d.  Con- 
versely, of  course,  all  faces 
whose  poles  fall  on  the  same 
great  circle  of  the  spherical 
projection  must  lie  in  the 
same  zone.  A  face  whose 
pole  falls  at  the  intersection 
Spherical  Projection  {after  Penfield)  °J  '^o  or  more  great  circles 

lies  m  two  or  more  mde- 
pendent  zones,  as  for  instance  o(lll),  in  Fig.  57.  The  angular  relations 
between  the  faces  on  t^e  crystal  are  of  course  preserved  in  the  angles  exist- 
ing  between  their  respective  poles  on  the  spherical  projection.  The  angles 
between  the  poles,  however,  are  the  supplementary  angles  to  those  between 
the  facee  on  the  crystal,  as  shown  in  Fig.  58.  The 
supplementary  angles  are  those  which  are  commonly 
measured  and  recorded  when  studying  a  crystal,  see 
Art.  230. 

The  spherical  projection  is  very  useful  in  getting 
a  mental  picture  of  the  relations  existing  between  the 
various  faces  and  zones  upon  a  crystal  but  because  of 
its  nature  does  not  permit  of  the  close  study  and  ac- 
curate measurements  that  may  be  made  on  the  other 
projections  described  below  which  are  made  on  plane 
surfaces. 

41.  The  Stereographic  Projection.  —  The  stereo-  ^v^"'"d^L'^^(^ 
graphic  projection  may  be  best  considered  as  derived  ftm^tiS  '  ^^^ 
from  the  spherical  projection  in  the  foUowii^  man- 
ner. The  plane  of  the  projection  is  commonly  taken  as  the  equatorial 
plane  of  the  sphere.  Imaging  lines  are  drawn  from  the  poles  c^  the  spheri- 
^  J™i5?tion  to  the  south  pole  of  the  sphere.  The  points  in  wErch  th'^e 
lines  pierce  The  jriane  of  the  equator  locate  the  poles  in  the  stereographic  pro- 
jection.     The  relation  between  the  two  projections  is  shown  in  Fig.  59. 
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Fig.  60  shows  the  same  stereographic  projection  without  the  foreshortening 
of  Fig.  59.  Commonly  only  the  poles  that  lie  in  the  northern  hemisphere, 
including  those  on  the  equator,  are  transferred  to  the  stereographic  projection. 
Certain  facts  concerning  the  stereographic  projection  need  to  be  noted. 
Its  most  important  charac- 
ter is  that  all  circles  or  cir- 
cular arcs  on  the  spherical 
projection  are  projected  as 
arcs  of  true  circles  on  the 
stereographic  projection.* 
The  poles  of  all  ciystal 
faces  that  are  parallel  to 
the  vertical  crystallogra- 
phic  axis  fall  on  the  equa- 
tor of  the  spherical  pro- 
jection and  occupy  the 
same  positions  in  the  stere- 
ographic projection.  The 
pole  of  a  horizontal  face 
will  fall  on  the  center  of 
the  stereographic  projec- 
tion. All  north  and  south 
meridians  of  the  spherical 
projection  will  appear  as 
straight  radial  lines  in  the 
stereographic  projection 
{i.e.  as  arcs  of  circles  hav- 

ii^  infinite  radii).     Other  Relation  between  Spherical  and  Stereographic  Projectiona 
great  cm'cles  on  the  spher- 
ical projection,  as  already  stated,  will  be  transferred  to  the  stereographic  as 
drciilar  arcs.    Ebcamples  of  all  these  are  shown  in  Fig.  60. 

The  angular  relations  between  the  poles  of  the  various  faces  are  preserved 
in  the  stereographic  projection  but  the  hnear  distance  corresponding  to  a 
degree  of  arc  naturally  increases  from  the  center  of  the  projection  toward  its 
drcumferenoe.  This  is  illustrated  in  Fig.  61  where  the  circle  represents  a 
vertical  section  through  the  spherical  projection  and  the  line  A-B  represents 
the  trace  of  the  horizontal  plane  of  the  stereographic  projection.  A  point 
20°  from  JV  on  the  sphere  is  projected  to  the  point  a  on  the  stereographic 
projection,  a  point  45°  from  N  is  projected  to  6,  etc.  In  this  way  a  protractor 
can  be  made  by  means  of  which  angular  distances  from  the  center  of  the 
stere<^raphic  projection  can  be  readily  determined.  Fig.  62  represents  such 
a  protractor  which  was  devised  by  Penfield.f  The  mathematical  relation 
between  the  linear  distance  from  the  center  of  the  projection  and  its  angular 
value  is  seen  by  study  of  Fig.  61.  If  the  radius  of  the  circle  of  the  projection 
is  taken  as  unity  the  distance  from  its  center  to  any  desired  point  is  equal  to 
the  tangent  of  one  half  of  the  angle  represented.     For  instance  the  distance 


*  For  proof  of  this  statement  see  Penfield,  Am.  Jour.  Sci.,  11,  10,  1901.- 
t  This  protractor  and  the  other  protractors  and  scales  used  by  Penfield^pan  be  ob- 
tained from  the  Mineralogical  Laboratory  of  the  Sheffield  Scientific  School  of  Yale  Uni- 
venity.  New  Haven,  Ct. 
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Stereographic  Projection  of  the  Isometric  Forms,  Cube,  Octahedron,  and  Dodecahedron 


from  the  center  to  the  point  a  is  equivalent  to  the  tangent  of  10°,  to  point  c 
the  tangent  of  35°,  etc. 

Fig.  63  represents  a  chart  used  by  Penfield  for  making  stereographic 
projections.  The  circle  has  a  diameter  of  14  cm.  and  is  graduated  to  de- 
grees. With  it  go  certain  scales  that  are  very  useful  in  locating  the  desired 
points  and  zonal  circles.    These  will  be  briefly  described  later. 
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For  detailed  descriptions  of  the  principles  of  the  stereographic  projection 
and  the  methods  of  its  use  the  reader  is  referred  to  the  various  books  and 
articles,  the  titles  of  which  are  given  beyond.  It  is  possible  here  to  give  only 
a  brief  outline  of  the  more  important  methods  of  construction  used. 

62 


Stereographic  Protractor  for  plotting  Stereographic  Projectionfi  (after  Penfield; 

reduced  one-hali) 

(1) .  To  locate  the  pole  of  a  face  l^fing  on  a  known  north  and  south  great  cirde, 
its  angular  distance  from  the  center  or  a  point  on  the  circumference  of  the  pro- 
jection being  given.  The  stereographic  protractor,  Fig.  62,  or  the  tangent  rela- 
tion as  stated  above,  gives  the  proper  distance.  The  poles  labeled  o  (iso- 
metric octahedron),  Fig.  60,  may  be  located  in  this  way. 

(2)  To  locale  the  projection  of  the  arc  of  a  great  cirde  which  is  not  a  north 
and  south  meridian  or  the  equator.  The  projections  of  three  points  on  the 
arc  must  be  known.  Then,  since  the  projection  of  the  circle  will  be  still  a 
circular  arc,  its  position  can  be  determined  by  the  usual  geometric  construc- 
tion for  a  circle  with  three  points  on  its  arc  given.  If,  as  is  commonly  the 
ease,  the  points  where  the  great  circle  crosses  the  equator  and  the  angle  it 
makes  with  the  equator  are  known  it  is  possible  to  get  the  radius  of  the  pro- 
jected arc  directly  from  Scale  No.  1,  Fig.  63.  The  location  of  such  a  desired 
arc  is  shown  in  Fig.  64.  The  arcs  shown  in  Fig,  60  were  also  located  in  this 
way. 

(3)  To  locate  the  position  of  the  pole  of  a  face  lying  on  a  known  great  cirde, 
which  is  not  a  north  and  south,  meridian,  its  angle  from  a  point  on  the  circum- 
ference of  the  projection  being  known.  The  projected  arc  of  a  small  vertical 
circle,  whose  radius  is  the  known  angle,  is  drawn  about  the  point  on  the  cir- 
cumference of  the  projection  and  since  all  points  on  this  arc  must  have  the 
required  angular  distance  from  the  given  point  the  intersection  of  this  circle 
with  the  known  great  circle  will  give  the  desired  point.  The  radius  of  the 
projected  arc  of  the  small  vertical  circle  can  b^  determined  by  finding  the 
position  of  three  points  on  the  projection  which  have  the  required  angular 
distance  from  the  point  given  on  the  circumference  of  the  projection  and 
then  obtaining  the  center  of  the  required  circle  in  the  usual  way.  Or  by  the 
use  of  Scale  No.  2,  Fig.  63,  the  required  radius  is  obtained  directly.  It  is 
to  be  noted  that  the  known  point  on  the  circumference  of  the  projection, 
while  the  stereographic  center  of  the  small  circle,  is  not  the  actual  center  of 
the  projected  arc.  The  center  will  lie  outside  the  circumference  on  a  con- 
tinuation of  the  radial  line  that  joins  the  given  point  with  the  center  of  the 
projection.    Therefore,  even  if  the  radius  of  the  required  arc  is  taken  from 


^.'.'-'^" 
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Scale  No.  2,  it  will  be  necessary  to  establish  at  least  one  point  on  the  re- 
quired circle  in  order  to  find  its  center.  These  methods  of  construction  are 
illustrated  in  Fig.  65,  in  which  the  position  is  determined  of  the  pole  n  (iso- 
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Location  of  the  arc  of  a  great  circle  in  the  Stereographic  Projection  at  a  aiven  an^^e 

above  the  equator 

66 


aOU 


Location  of  pole  of  trapezohedron,  n(211),  in  Stereographic  Projection 

metric  trapezohedron)  which  lies  on  the  great  circle  passing  through  the 
poles  a  (isometric  cube)  and  o  (isometric  octahedron),  and  makes  a  known 
angle  (35^°)  with  a. 
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(4)  To  locate  the  position  of  the  pole  of  a  face  given  the  angles  between  it  and 
two  other  faces  whose  poles  lie  within  the  divided  circle^  Circumscribe  about 
the  poles  of  the  two  known  points  small  circles  with  the  proper  radii  and 
the  desired  point  will  be  located  at  their  intersection.  The  two  small  circles 
may  touch  at  only  a  single  point  or  they  may  intersect  in  two  points.  In 
the  latter  case  both  points  will  meet  the  required  conditions.  The  positions 
of  the  projected  small  circles  are  readily  found  by  drawing  radii  from  the 
center  of  the  projection  through  the  two  known  poles  and  then  laying  oflF  on 
these  radii  points  on  either  side  of  the  known  poles  with  the  required  angular 
distances.  The  center  is  then  found  between  these  two  points  in  each  case 
and  a  circle  drawn  through  them.  This  line  of  this  circle  will  then  be  every- 
where the  required  number  of  degrees  away  from  the  known  pole.  The  re- 
quired points  may  be  found  readily  by  means  of  the  Stereographic  Protrac- 
tor, Fig.  62,  remembering  that  the  zero  point  on  the  protractor  must  always 
lie  at  the  center  of  the  projection.  This  construction  is  illustrated  in  Fig.  66, 
in  which  the  points  s  (isometric  hexoctahedron),  are  22°  12'  and  19°  5'  from 
the  points  o  (isometric  octahedron),  and  d  (isometric  dodecahedron).  It  is 
to  be  noted  here,  also,  that  while  the  points  o  and  d  are  the  stereographic 
centers  of  the  circles  about  them,  the  actual  centers  are  points  which  are 
somewhat  farther  out  from  the  center  of  the  projection. 

66 
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a  100 
Location  of  two  poles  of  hexoctahedron,  s,  in  Stereographic  Projection 

(5)  To  measure  the  angle  between  two  given  points  on  the  stereographic 
projection.  If  the  two  points  lie  on  the  circumference  of  the  projection  the 
angle  between  them  is  read  directly  from  the  divisions  of  the  circle.  If  they 
lie  on  the  same  radial  line  in  the  projection,  the  angle  is  given  by  the  use  of 
the  Stereographic  Protractor,  Fig.  62.  In  other  cases  it  is  necessary  first  to 
find  the  arc  of  a  great  circle  upon  which  the  two  points  lie.  This  is  most 
easily  accomplished  by  the  use  of  a  transparent  celluloid  protractor  upon 
which  the  arcs  of  great  circles  are  given,  Fig.  67.  Place  this  protractor  over 
the  projection  with  its  center  coinciding  with  the  center  of  the  projection  and 
turn  it  about  until  the  required  great  circle  is  found.  Note  the  points  where 
this  circle  intersects  the  circumference  of  the  projection.  Then  place  a 
second  transparent  protractor  on  which  small  vertical  circles  are  given. 
Fig.  68,  over  the  projection  with  its  ends  on  the  points  of  the  circumference 
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just  determined.  Now  note  the  angular  distance  between  the  two  given 
points.  The  whole  operation  may  also  be  done  by  use  of  a  third  trans- 
parent protractor,  on  which  the  arcs  of  both  great  and  small  circles  are 
given. 


rcumference.    (Alter  Penfield,  reduced  one-half) 

(6)  To  measure  the  angle  between  the  area  of  two  great  drdea  on  (h^  stereo- 
graphic  projection.  This  is  most  conveniently  accomplished  by  construct- 
ing the  arc  of  a  great  circle  which  shall  have  a  90°  radius  about  the  point  at 
which  the  two  arcs  in  question  cross  each  other  and  then  measuring  the 
angular  distance  between  the  two  points  at  which  they  intersect  this  great 
circle.  Fig.  69,  after  Penfield,  will  serve  to  illustrate  the  method.  First,  if 
it  is  wished  to  measure  the  angle  between  the  divided  circle  and  the  arc  of 
the  great  circle  that  crosses  it  at  C  it  ia  only  necessary  to  draw  a  straight 
line  through  the  center  of  the  projection,  N,  which  shall  intersect  the  divided 
circle  at  points  90°  distant  from  C.  This  line  will  be  the  projection  of  the 
arc  of  a  great  circle  about  the  sphere  at  90°  distant  from  C.  The  angle  at  C 
is  then  determined  by  measuring  with  the  stereographic  protractor  the  angle 
between  u  and  v. 

In  the  case  of  the  angle  between  two  great  circles  that  meet  at  some 
point  within  the  divided  circle  as  at  A,  Fig.  69,  it  is  necessary  to  construct 
the  projected  arc  trf  the  great  circle  90°  distant  from  this  point    This  is  done 
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by  drawing  the  radial  line  through  N  and  A  and  measuring  with  the  stereo- 
graphic  protractor  an  angle  of  90°  from  A  to  the  point  B,  The  required  arc 
will  pass  through  this  point  and  the  points  p  and  p'  which  are  each  90°  away 
from  the  points  at  which  the  line  A-N-B  crosses  the  di\dded  circle.  The 
angle  between  x  and  y  measured  on  this  great  circle  gives  the  value  of  the 

required  angle  at  A.    This  is  most 
69  readily  measured  by  the  use  of  the 

transparent  protractor  showing  small 
circles,  Fig.  68.  This  is  placed  across 
the  projection  from  p  to  p'  and  the 
angle  between  x  and  y  read  directly 
from  it. 

Wiilfing  has  described  a  stereo- 
graphic  net,  which  gives  both  great 
and  small  circles  for  every  two  de- 
grees. Over  this  is  placed  a  sheet  of 
tracing  paper  upon  which  the  stereo- 
graphic  projection  is  made.  If  the 
paper  is  fastened  at  the  center  of  the 
drawing  so  that  it  can  be  turned  into 
various  positions  in  respect  to  the 
stereographic  net  below,  the  various 
great  and  small  circles  needed  can  be 
sketched  directly  upon  the  drawing. 
Or  the  required  points  can  be  trans- 
ferred from  the  net  to  a  separate  drawing  by  means  of  three  point  dividers. 
Examples  of  the  use  of  the  stereographic  projection  will  be  given  later 
under  each  crystal  system. 
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Relation  between  Spherical  and  Gnomonic  Projections 

42.  The  Gnomonic  Projection.  —  The  characters  of  the  gnomonic  pro- 
jection can  best  be  understood  by  considering  it  to  be  derived  from  the 
spherical  projection  (see  Art.  40).  In  the  case  of  the  gnomonic  projection 
the  plane  of  the  projection  is  usually  taken  as  the  horizontal  plane  which 
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lies  tangent  to  the  north  pole  of  the  sphere  of  the  spherical  projection.  Im- 
aginary lines  are  then  taken  from  the  center  of  the  sphere  through  the  poles 
of  the  crystal  faces  that  lie  on  its  surface  and  extended  until  they  touch  the 
plane  of  the  projection.  The  points  in  which  these  lines  touch  that  plane 
constitute  the  gnomonic  projection  of  the  forms  represented.  Fig.  70  shows 
the  relations  between  the  spherical  and  gnomonic  projections,  using  the  same 
isometric  crystal  forms  (cube,  octahedron  and  dodecahedron)  as  were  em- 
ployed to  illustrate  the  principles  of  the  Stereographic  Projection  (Art.  41). 
Fig.  71  shows  the  gnomonic  projection  of  the  same  set  of  forms. 


Gnomonic  Projection  of  Cube,  Octahedron  and  Dodecahedron 

The  following  features  of  the  gnomonic  projection  are  important.  All 
great  circles  on  the  spherical  projection  become  straight  lines  when  trans- 
ferred to  the  gnomonic.  The  poles  of  a  series  of  crjrstal  faces  which  belong 
in  the  same  zone  will,  therefore,  on  the  gnomonic  projection,  lie  on  a  straight 
line.  This  primary  distinction  between  the  stereographic  and  gnomonic  pro- 
jections will  be  readily  seen  by  a  comparison  of  Figs.  60  and  71.  The  pole 
of  a  horizontal  crystal  face  (like  the  top  face  of  the  cube)  will  fall  at  the  center 
of  the  projection.  The  poles  of  vertical  crystal  faces  will  lie  on  the  plane 
of  projection  only  at  infinite  distances  from  the  center.  This  is  shown  by  a 
consideration  of  Fig.  70.  Such  faces  are  commonly  indicated  on  the  pro- 
jection by  the  use  of  radial  lines  or  arrows  which  indicate  the  directions  in 
which  their  poles  lie.  This  is  illustrated  in  the  case  of  the  vertical  cube  and 
dodecahedron  faces  in  Fig.  71.  Crystal  faces  having  a  steep  inclination  with 
the  horizontal  plane  must  frequently  be  indicated  in  the  same  way. 
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A  simple  rriation  exists  between  the  linear  distance  from  the  center  of 
the  projection  to  a  given  point  and  the  angular  distance  represented.  This 
is  atown  in  Fig.  72  where  the  circle  is  assmned  to  be  a  vertical  crossHsection 
of  the  sphere  of  the  spherical  projection  and  the  line  A-B  represents  the 
trace  of  the  plane  of  the  gnomonic  projection.    It  is  evident  from  this  figure 

that  if  the  radius  of  the 
circle  is  taken  as  unity 
the  linear  distances 
N-a',  N-b',  etc.,  are  the 
tangents  of  the  angles 
20**,   35^,   etc.    Conse- 
quently in  the  gnomonic 
projection  the  distance 
of  a  given  pole  from  the 
center  of  the  projection, 
considering  the  funda- 
mental  d^tance  0-N, 
Fig.  72,  to  be  imity,  is 
equal  to  the  tangent  of* 
the  angle  represented. 
In  the  caae  of  the  stereo- 
graphic  projection  this 
distance  is  equal  to  the 
tangent  of  one  half  the  angle,  see  Art.  41.    The  stereographic  scale,  used 
in  uie  stereographic  protractor,  Fig.  62,  can  therefore  be  adapted  for  use 
in  the  gnomonic  projection  by  taking  the  point  on  it  reading  at  twice  the 
desired  angle.    The  simplest  method  of  plotting,  however,  is  to  make  a 
tiirect  use  of  the  tangent  relation.    The  distance  0-N,  Fig.  72,  is  taken  at 
some  convenient  lei\gth  and  then 
by  multiplying  this  distance  by  the 
natiural  tangent  of  the  angle  desired 
the  linear  distance  of  the  pole  in 
question  from  the  center  of  the 
projection  is  obtained.  Frequently 
the  distance  0-N  is  taken  as  5  cm. 
In  making  a  gnomonic  projection 
a  circle  is  commonly  drawn  about 
the  center  of  the  projection,  known 
as  the  fundamental  circle,  with  a 
radius  equal  to   this  chosen  dis- 
tance.  Points  th  at  have  an  angular 
distance  of  45°   with  the  center 
point  of  the  projection  will  he  on 

the  circumference  of  this  circle.  MeaBurement  of  angle  between  any  two  poles 
Commonly  also  the  gnomomc  pro-  (Ai,  Aj)  on  the  Gnomonic  Projection 

jection  is  surrounded  by  a  square 

border  of  two  parallel  lines  on  which  is  indicated  the  directions  in  which  Ue 
the  poles  that  cannot  appear  on  the  projection  because  of  the  vertical  or 
steeply  inclined  position  of  their  faces.  These  characters  are  shown  in 
Fig.  71. 

To  measure  the  angle  between  two  poles  on  the  gnomonic  projection.     In 
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Fig.  73  let  Ai  and  Az  be  any  two  points  the  angle  between  which  is  desired. 
First  draw  a  straight  line  through  them  or,  in  other  words,  find  the  direction 
of  the  zonal  line  upon  which  they  lie.  Next  erect  the  line  0-A  perpendicular 
to  this  zonal  line  and  passing  through  the  center  0  of  the  projection.  On 
this  line  establish  the  point  iV,  the  distance  A-N  being  equal  to  the  hjrpo- 
thenuse  of  the  right  triangle  AOP  or  the  distance  A-P.  The  point  N  is 
known  as  the  angle-point  of  the  zone  Ai-A^.  The  angle  A1NA2  is  equal  to 
the  desired  angle  between  the  points  Ai  and  At.  In  the  case  of  zonal  lines 
that  pass  through  the  center  of  the  projection  this  angle-point  will  lie  on 
the  circumference  of  the  fundamental  circle  at  the  terminus  of  a  radius 
which  is  at  right  angles  to  the  zonal  line  in  question.  In  the  case  of  vertical 
crystal  faces  whose  poles  lie  at  an  infinite  distance  the  center  of  the  projec- 
tion is  itself  the  angle-point. 

The  explanation  of  the  above  method  mav  be  given  as  follows.  In  Fig.  74  let  the  circle 
represent  a  vertical  section  through  the  sphere  of  the  spherical  projection  and  the  line 
A'-.4  the  trace  of  the  plane  of  the  gnomonic  projection.  Let  the  line  A-C  represent  the 
mteisection  of  a  zonal  plane  lying  at  right  angles  to  the  plane  of  the  drawing.  The  zonal 
line  representing  the  intersection  of  this  zonal  plane  with  the  plane  of  the  gnomonic  pro- 
jection would  werefore  be  a  straight 

ime  through  point  A  which  would  be  74 

perpendicular  to  the  plane  of  the  draw- 
ing. The  angle  between  anv  two  poles 
lying  on  this  zonal  line  would  be  cieter- 
mined  by  the  angle  formed  by  the  lines 
drawn  from  these  poles  to  the  point  C. 
Ifjwe  consider  this  zonal  line  which 
passes  through  A  perpendicular  to  the 
drawing  as  an  axis  around  which  we 
may  revolve  its  zonal  plane,  the  point 
C  mav  be  moved  so  that  it  will  liein 
the  plane  of  the  gnomonic  projection 
azid  fall  at  N,  the  distance  A-N  being 
equal  to  A-C.  The  character  of  the 
point  C  has  not  been  changed  by  this 
transfer  and  the  point  N  becomes  the 
angle-point  of  the  zonal  line  running 

throumi  A  and  the  angle  between  any  two  poles  on  this  line  may  be  determined  b^  rmming 
lines  mm  them  to  this  point  and  measuring  the  included  angle.  The  point  N  lies  on  the 
line  running  through  0  (center  of  the  gnomonic  projection)  and  the  distance  A-N  is  equal 
to  the  h3rpothenuse.  A-C,  of  the  right  triangle  one  side  of  which  is  equal  to  A-0  and 
the  other  to  O-C  (the  radius  of  the  fundamental  circle). 

To  measure  the  angle  between  parallel  zonal  lines  on  the  gnomonic  projection. 
In  Fig.  75  let  the  two  lines  Zone  1  and  Zone  2  represent  two  parallel  zonal 
lines  the  angle  between  which  is  desired.  Draw  the.  radial  line  trom  the 
center  of  the  projection,  0,  at  right  angles  to  these  zonal  lines  intersecting 
them  at  the  points  Ai  and  A2.  Make  (>-P  at  right  angles  to  O-AiAt,  The 
angle  AiPAt  will  give  the  angle  between  the  two  zones.  The  construction 
will  be  readily  understood  if  the  figure  is  supposed  to  be  turned  on  the  line 
O-A1A2  as  on  an  axis  until  the  point  P  becomes  the  center  of  the  spbmcal 
projection  The  broken  arc  now  represents  a  vertical  cross  section  of  the 
sphere  of  the  spherical  projection  and  the  points  ai  and  02  the  points  where 
the  two  zonal  lines  cross  it.  The  angle  at  P  is  obviously  the  angle  between 
the  two  zones. 

The  angle  between  Zone  2  and  the  prism  zone,  the  line  oi  which  lies  at 
infinity  on  the  gnomonic  projection,  is  given  in  Fig.  75  by  the  angle  AtPN 
which  is  the  same  as  AiAiP. 


44 


CRTSTALLOORAPHT 


76 


^  gnomonic  net,  similar  in  character  to  the  stereographic  net  described 
in  Art.  41,  is  useful  in  plotting  the  points  of  a  projection  or  in  making  meas- 
urements upon  it.    The  strai^t  lines  upon  it  represent  the  projection  of  the 

arcs  of  great  circles  of  the  spherical 
projection,  while  the  hyperbola  curves 
represent  those  of  the  small  vertical 
circles. 

The  gnomonic  projection  is  most 
commonly  used  in  connection  with 
the  measurement  of  crystal  angles  by 
means  of  the  two-circle  goniometer. 
This  use  will  be  explained  later,  see 
Art.  232.  For  more  detailed  descrip- 
tions of  the  principles  and  uses  of 
the  gnomonic  projection  the  reader  is 
referred  to  the  literature  listed  below. 

References  on  the  Stereograi^c  and 
Gnomonic  Projections. 

In  addition  to  the  descriptions  of  these 
Measurement  of  the  angle  between  parallel  projections  that  are  given  in  many  general 
zones  on  the  Gnomonic  Projection  crystallographic  texts  the  following  books 

and  papers  are  of  value. 
Boecke,  H.  £.    Die  Anwendung  der  stereographischen  Projektion  bei  kristallographi- 
schen  Untersuchimgen,  1911.     Die  gnomonische  Projektion  in  ihrer  Anwendimg  am  kiia- 
tallographische  Aufjeaben,  1913. 

fivans,  J.  W.    Gnomonic  Projections  in  two  planes.     Min.  Mag.,  14,  149,  1905. 

Goldschmidt,  V.    Uber  Projektion  und  ipupUsche  Kristallberechnung,  1887. 

GoBsnefiB.    Kristallberechnung  und  Knstallzeichnung,  1914. 

Hilton,  H.  The  Gnomonic  Net,  Min.  Mag.,  14.  18-20,  1904.  The  Construction  of 
Crystallographic  Projections,  Min.  Mag.,  14,  99-103.  1905.  Some  Applications  of  the 
Gnomonic  Projection  to  Crystallography,  Min.  Mag.,  14,  104-108,  1905. 

Hutchinson.  A.  On  a  protractor  for  use  in  constructing  stereographic  and  gnomonic 
projections  of  the  sphere.  Min.  Mag.,  16,  94-112,  1908. 

Palache.  Charles.    The  Gnomonic  Projection.    Amer.  Min.,  6,  67,  1920. 

Penflelo,  S.  L.    The  Stereographic  Projection  and  Its  Possibilities  from  a  Graphical 
Standpoint,  Am.  J.  Sci.,  9,  1-24,  115-144,  1901.    On  the  Solution  of  Problems  in  Crystal- 
lography by  Means  of  Graphical  Methods  based  upon  Spherical 
and  Plane  Trigonometry.    Am.  J.  Sci.^  14,  24^284,  1902.    On  the  76 

Drawing  of  Crystals  from  Stereographic  and  Gnomonic  Projections, 
Am.  J.  Sci.,  2ll  206-215,  1906. 

Smithy  G.  H.  H.  On  the  Advantages  of  the  Gnomonic  Projec- 
tion and  Its  use  in  the  Drawing  of  Cr>^S&ls,  Min.  Mag.,  18, 30^-321, 
1903. 

43.  Angles  between  Faces.  —  The  angles  most  con- 
veniently used  with  the  Miller  symbols,  and  those  given 
in  this  work,  are  the  normal  angles^  that  is,  the  angles  be- 
tween the  poles  or  normals  to  the  faces,  measured  on  arcs 
of  great  circles  joining  the  poles  as  shown  on  the  stereo 
graphic  projection.  These  normal  angles  are  the  supple- 
ments of  the  actual  interfacial  angles,  as  has  been  explained. 

The  relations  between  these  normal  angles,  for  example  in  a  ^ven  zone,  is  much  simpler 
than  those  existing  between  the  actual  interfacial  angles.  Thus  it  is  always  true  that,  for  a 
series  of  faces  in  the  same  sone.  the  normal  anjde  between  two  end  faces  is  eoual  to  the 
sum  of  the  angles  of  faces  falling  between.    Thus  (Figs.  76,  77)  the  normal  angle  of 
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af>(100  A  010)  is  the  buiu  of  am<100  A  110),  m«<110  A  120),  and  ab(l20  A  010).  Thii 
relation  holds  true  in  all  the  aystcma. 

Fuithermore,  it  nil!  be  seen  that,  auppoBing  oca'  (Fig.  77)  ia  a  plane  of  symmetiy  as  ii 
the  orthorhombic  system,    the  an^e 

100  A  Hi),  or  am  (Pig.  76),  is  half  TI 

theanglellO  A  110<mm"').  Similarly 
010  A  120((is)  is  half  the  angle  120  A 
I20(s«');  again,  100  A  lll(ae)  is  the 
romplemeut  of  half  the  angle  111  A 
IIl(«e')  and  010  A  lll(i>«)  the_coinple- 
ment  of  half  the  angle  111  A  1I1(«?"). 

Hei^  as  throu^out  this  work,  the 
sign  A  IS  used  to  represent  the  angle 
between  two  faces,  usually  designated 
by  letters. 

41.  Use  of  the  Stereographic  . 
Projection  to  Exhibit  the  ^m- 
metrj.  —  The  symmetry  of  any 
one  of  the  crystalline  cl^ises  may 
be  readily  e^bited  by  the  help 
of  the  stereographic  projection. 

The  axes  of  binary,  trigonal, 
tetragonal  and  hexagonal  sym- 
metry are  represented  respec- 
tively by  the  following  signs: 
•  A^«  ,  Further,  a  plane  of  stereographic  Projection  of  Faces  on  ChrysoUle 
symmetry  IB  represented  by  a  full  Ciystal,  Fig.  7a 

line  (zone-circle),  while  a  dotted 

line  indicates  that  the  plane  of  symmetry  is  wanting.     The  position  of  the 
crystallt^raphic  axes  is  shown  by  arrows  at  the  extremities  of  the  lines.     The 
pole  of  a  face  in  the  upper  half  of 
"^  the  crystal  {above  the  plane  of  pro- 

jection) is  represented  by  a  croes; 
one  below  by  a  circle.  If  two  like 
faces  fait  in  a  vertical  zone  a  double 
sign  is  used,  a  cfobs  within  the 
circle.  Figs.  91,  128,  140,  etc., 
give  illustrations. 

45.  General  Relations  be- 
tween ^anes  in  the  Same  Zone. 
—  Certain  important  relations 
r  exist  between  the  indices  of  faces 
that  lie  in  the  same  zone.  All 
faces  to  belong  to  the  same  zone, 
tautozonal  faces  as  they  are  called, 
must  have  their  mutual  intersec- 
tions parallel  to  a  given  direction, 
see  Art.  38.  ThL  direction  is 
IP  known  as  the  axis  of  the  zone. 

The  position  of  this  zonal  axis  can 
'  '        be  expressed  by  what  is  known  as 

the  zonal  symbol.  Con^der  Fig.  78,  where  is  represented  two  crystal  faces, 
ABC,  and  CDE,  intersectir^  the  cry^tallographic  axes  X,  Y  and  Z.  In  the 
illustration,  for  simplicity,  both  faces  have  been  assumed  to  pass  through 
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the  point  C  on  the  axis  Z.  This,  of  course,  is  possible  since  any  crystal 
plane  may  be  moved  parallel  to  itself  without  altering  its  relative  intercepts 
on  the  crystal  axes.  These  two  planes  intersect  in  the  line  C-TF,  which 
then  becomes  the  direction  of  the  zonal  axis  for  the  zone  in  which  they 
lie.  Let  the  line  0-P  which  has  been  drawn  parallel  to  this  direction 
represent  that  axis.  In  the  parallelogram  of  which  it  is  the  diagonal  the 
length  of  the  edge  O-S  and  its  parallel  edges  have  been  taken  as  equal  to  the 
distance  0-^,  The  point  P  on  the  zonal  axis  and  therefore  the  direction 
of  the  axis  itself  is  fixed  by  the  three  coordinates,  0-JW,  0-jB,  and  0-S.  By 
means  of  the  consideration  of  similar  triangles  it  is  possible  to  prove  that  the 
values  of  these  coordinates  may  be  expressed  by, 

O-M  ^  {kr  "  lq)a;  O^R  =  {Ip  -  hr)b;  O-S  =  (A^  -  kp)c, 

where  a,  b,  c  represent  the  unit  lengths  of  the  three  crystallographic  axes, 
X,  Y,  Z  and  {hM)  and  (pqr)  represent  the  indices  of  the  two  faces  ABC  and 
CDE.  These  expressions  are  usually  simplified  by  substituting  u  =^  kr  —  Iq^ 
V  =  Ip  —  hr,  w  =  hq  —  kp,  giving  0-M  =  lui,  0-R  =  vb  and  0-S  —  wc. 
The  three  figures  [uvw]  are  said  to  be  the  symbol  of  the  zone  in  question. 
They  represent  the  reciprocals  of  the  values  of  the  three  coordinates,  or  in 
other  words  are  the  indices  of  a  point,  P,  on  the  zonal  axis.  They  may 
most  readily  be  obtained  by  a  system  of  cross-multiplication  and  subtraction 
according  to  the  following  scheme.  Write  the  indices  of  one  face  twice  in 
their  proper  order  and  directly  imder  them  the  corresponding  indices  of  the 
second  face.  Cross  off  the  first  and  last  number  of  each  series.  Then  mul- 
tiply the  figures  joined  by  the  cross  lines,  see  below,  and  substract  the  prod- 
uct of  the  two  joined  by  light  lines  from  that  of  those  joined  by  heavy  lines, 
working  from  left  to  right.  The  three  numbers  obtained  will  in  their  order 
correspond  to  u,.  v  and  w. 


I 


XXX 


I 


q       r        p       q 
u  ^  kr  -^  Iq,  V  =^  Ip  —  hr,  w  =  hq  "  kp. 

Since  the  zonal  symbol  for  a  given  zone  may  be  obtained  from  the  indices 
of  any  two  faces  lying  in  that  zone  it  follows  that  the  indices  of  every  pos- 
sible face  in  that  zone  must  have  definite  relations  to  the  zonal  s3niibol.  For 
a  given  face  with  indices  (xyz),  in  a  zone  having  the  symbol  [y/uw]  the  follow- 
ing equation,  known  as  the  zonal  equation,  must  hold  true. 

iLX  -\-  vy  +  wz  =  0. 

In  this  way  it  can  be  readily  shown  whether  or  not  a  given  face  can  lie  in  a 
certain  zone. 

Further  if  [uvw]  be  the  symbol  of  one  zone  and  [efg]  that  of  another  inter- 
secting it,  then  the  point  of  intersection  will  always  be  the  pole  of  a  possible 
crystal  face.  Its  indices  (hkl)  must  satisfy  the  equations  of  both  zones  and 
may  be  obtained  by  combining  them  or  the  same  result  may  be  had  by  tak- 
ing the  symbols  of  the  two  zones  and  subjecting  them  to  the  same  sort  of  cross- 
multiplication  by  which  they  were  themselves  originally  derived. 
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46.  —  Examines  of  Zones  and  Zonal  Relations.  —  The  following  are  cases  in  which  the 
Bonal  equation  is  seen  at  once.  In  Figs.  76  and  77  the  faces  a(lOO),  m(llO),  s(120).  6(010) 
form  a  vertical  zone  with  mutually  parallel  intersections,  since  they  are  all  parallel  to  the 
vertical  axis;  that  is,  for  all  faces  m  this  zone  it  must  be  true  that  2  »  0. 

Again,  the  faces  a(lOO),  d(lOl),  c(OOl)  are  in  a  zone,  all  being  parallel  to  the  horizontal 
axis  b]  hence  for  them  and  all  others  in  this  zone  A;  »  0.  Also  6(010),  A;(021),  /i(Oll),  c(OOl) 
are  in  a  zone,  all  being  parallel  to  the  axis  a,  so  that  h  =  0. 

Also  the  faces /(121),  e(lll),  dClOl),  e"(lll),  f  "(l2l)  are  in  a  zone,  since  they  have  a 
common  ratio  for  the  axes  a  :  c.     With  them,  obviously,  h  —  L 

The  faces  c(OOl),  6(111),  m(llO)  are  also  in  a  zone,  and  again  c(OOl),  /(121),  8(120). 
though  intersections  do  not  happen  to  be  made  between  c  and  e  in  the  one  case,  and  c  and 
/  in  tne  other.  For  each  of  these  zones  it  is  true  that  there  is  a  common  ratio  of  the  hori- 
zontal axes,  that  is,  of  A  to  /;  in  the  indices.  For  the  first  it  may  be  shown  that  h  '^  k;  for 
the  second,  that  2h  —  k. 

All  the  relations  named  may  be  obtained  at  once  from  the  79 

above  scheme.     For  example,  for  the  faces  8(120)  and  /(121) 
the  scheme  gives 


4         v  I  d 

XXX 

2        112 


u  =  2,        V  =  1, 


0; 


.'.  2A  -  A;  =  0,  or  2A  =  A;. 


The  symbol  of  a  face  lying  at  once  in  two  zones,  as  stated 
above,  must  satisfy  the  zonal  equation  of  each;  these  symbols 
are  hence  easily  obtained  either  by  combining  the  equations 
or  Iw  a  scheme  of  multiplication  like  that  given  above. 

For  example,  in  Fig.  79,  of  sulphur,  the  face  lettered  a;  is  in 
the  zone  (1)  with  6(010)  and  8(113).  also  in  zone  (2)  with'p(lli) 
and  n{{}ii).    "I'hese  zones  give,  respectively: 


Sulphur 


(1)     0 


0 


XXX 


0    (2)     111 


0     1 


XXX 


1 


3 
u  =  3, 


0 

V 


1 

0, 


w  =  1. 


0 
c  -  0, 


T 

/ 


T,      (7  =  1. 


Hence  for  (1)  the  zonal  equation  is  Zh  —  I;  for  (2)  k  —  L  Combining  these,  we  obtain 
A  =  1,  ik  =  3,  i  =  3. 

The  symbol  of  the  face  x  is,  therefore^  133. 

The  same  result  is  given  by  multiplying  the  zonal  symbols  Oil,  30l,  together  after  the 
same  method,  thus: 


0 


XXX 

)     I     y 


0 


13        3  Hence,  again,  x  »  133. 

This  method  of  calculation  belongs  to  all  the  different  systems.  In  the  hexagonal 
system,  in  which  there  are  four  indices,  one  of  the  three  referring  to  the  horizontal  axes 
(usually  the  third)  is  omitted  when  the  zonal  relations  are  applied.    See  Art.  166. 

47.  Methods  of  Calculation.  —  In  general  the  angles  between  the  poles 
can  be  calculated  by  the  methods  of  spheric£j  trigonometry  from  the  tri- 
angles shown  in  the  spherical  projection  —  which  for  the  most  part  are  right-- 
angled. Certain  fundamental  relations  connect  the  axes  with  the  elemental 
angles  of  the  projection;  the  most  important  of  these  are  given  under  the 
individual  systems.    Some  general  relations  only  are  explained  here. 
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48.   Relations  between  the  Indices  of  a  Plane  and  the  Angle  made  by  it 
with  the  Axes.  —  In  Fig.  80  let  the  three  lines,  X,  Y,  and  Z  represent  three 

crystallographic  axes  making  any  angles  with  each 
other  and  let  a,  b  and  c  represent  their  unit  lengths. 
Assume  any  face  HKL  cutting  these  axes  with  the 
intercepts  0-Hy  0-K  and  0-L,  Let  0-p-P  be  a 
normal  to  the  plane  HKL  intersecting  the  plane  at 
p  and  the  enveloping  surface  of  the  spherical  pro- 
jection at  P,  Let  AJbZ  represent  the  indices  of  the 
given  form.  Since  the  line  0-p  is  normal  to  the 
plane  HKL  the  triangles  HOp^  KOp  and  LOp  are 
right  angles  and  the  following  relations  hold  true. 

>  ^  =  cos  HOp]  j^  =  cos  KOp;  ^  =  <50s  Wp. 

The  angles  HOp^  KOp,  and  LOp  are  equal,  respectively,  to  the  angles  repre- 
sented on  the  spherical  projection  by  the  arcs  PXy  PY  and  PZ  and  OH  =  r, 

b  c 

OK  =^  zyOL  =^  y    By  substituting  we  have, 

OP  =  ?cos  PZ  =  t  cos  Pr  =  f  cos  PZ. 

This  equation  is  fundamental,  and  several  of  the  relations  given  beyond  are 
deduced  from  it. 

81 


X'loo 


v»X 


The  most  useful  application  is  that  when  the  axial  angles  are  90**,  as  represented  in  Fi^. 
81:  then  X,  Y,  Z  are  the  normals  to  100,  010,  001,  respectively.  Also  if  the  plane  HKL  is 
taken  as  a  face  of  the  unit  pyramid,  that  is,  if  its  intercepts  on  the  axes  are  taken  as  the 
unit  lengths 

OH  =  a,  OK  =  6,  OL  =  c. 

Then  the  hnes  HK,  HL,  KL  give  also  the  intersections  of  the  planes  110,  101,  Oil  on 
the  three  axial  planes,  and  their  poles  are  hence  at  the  points  fixed  by  normab  to  these 
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lines  drawn  from  O.    It  will  be  obvious  from  this  figure,  then,  that  the  following  relations 
hold  true: 

ton  (100  A  110)  -  g ; 


c 
a' 

c 

^  • 

b 


tan  (001  A  101) 

tan  (001  A  Oil) 
These  values  are  often  used  later. 

49*  Cotangent  and  Tangent  Relations.  —  In  the  case  of  four  faces  in  a 

zone  concerning  which  we  know,  either  the  angles  between  sil  the  faces  and 

the  indices  of  three  of  them,  or  the  angles  between  three  faces  and  all  the 

indices,  it  is  possible  by  either  a  simple  graphical  method  of  plotting  or  by 

^^j:alculation  to  determine  the  missing  angle  or  indices. 

To  illustrate  the  graphic  method  first  let  Fig.  82  represent  a  cross  section 
perpendicular  to  the  prism  zone  of  a  rhodonite  crystal.  The  traces  upon  the 
plane  of  the  drawing  of  the  faces  a(lOO)  and  &(010)  provide  the  direction 
of  the  lines  of  reference  X  and  Y.  It  is  assumed  that  the  position  of  the  third 
face  m(llO)  is  known  and  a  line  drawn  parallel  to  its  trace  upon  the  plane  of 
the  drawing  from  the  point  X  will  give  its  relative  intercepts  upon  the  two 
lines  of  reference.  These  intercepts  do  not  correspond  to  the  unit  lengths 
of  the  axes  a  and  b  since^  rhodonite  being  triclinic,  these  axes  do  not  lie  in 
the  plane  of  the  drawing  but  they  represent  rather  the  unit  lengths  of  these 
axes  as  foreshortened  by  projection  upon  that  plane.  This  makes  no  dif- 
ference, however,  since  it  will  still  be  true  that  all  faces  lying  in  the  prism 
zone  of  rhodonite  must  intercept  these  two  lines  in  distances  which  will  have 
rational  relations  to  the  lengths  of  the  intercepts  of  m(llO).  It  is  now  as- 
sumed that  a  fourth  face  /  has  the  indices  (130)  and  its  angular  position  in 
respect  to  the  other  faces  in  the  zone  is  required.  From  its  indices  it  must 
intercept  the  two  lines  of  reference  X-X'  and  Y-Y'  in  the  ratio  of  1  to  i. 
Let  OX  equal  1  on  X-X'  and  OZ  equal  i  on  Y-Y'.  Then  a  line  joining 
these  two  points  will  give  the  direction  of  the  trace  of  •/  upon  the  plane  of 
the  drawing  and  so  determine  the  angles  it  will  make  with  the  other  faces  in 
the  zone. 

U,  on  the  other  hand,  the  angles  between  /  and  the  other  faces  in  the 
zone  were  known,  the  position  of  the  trace  of  /  upon  the  plane  of  the  drawing 
could  be  found,  and  so  its  relative  intercepts  (and  indices)  upon 
the  two  lines  of  reference  be  determined.  83 

If  the  method  of  calculation  is  used  let  P,  Q,  S  and  R  be  the  poles  of 
four  faces  in  a  zone  (Fig.  83)  taken  in  such  an  order  *  that  PQ  <  rR  and 
let  the  indices  of  these  races  be  respectively 

P  Q  R  S 

hH  pqr  tano  xyz 

Theu  it  may  be  proved  that 

cot  PS  -  cot  PR  ^  (P.Q)       (8.R) 
cot  PQ  -  cot  PR      (Q.R)  ^  (P.S) 

*  In  the  application  of  this  principle  it  is  essential  that  the  planes  should  be  taken  in 
the  proper  oraer,  as  shown  above;  to  accomplish  this  it  is  often  necessary  to  use  the-  in- 
dices and  corresponding  angles,  not  of  (hkl),  but  the  face  opposite  {h  k  2),  etc. 


50 


CRYSTALLOGRAPHY 


where 


(P.Q) 
(QR) 


(S.R) 
(P.S) 


123 
P,  hH 

Q,  pgr 

Q,  PV 
.R,  uvw^ 

123 

S,    xyz 
Kf  tanv 

P,  hkl 
-S,    Jry«. 


1  X2 


2X3 


3X1 


_  ^  ~  fep  _  kr  —  Iq  _  Ip  —  hr 
pv  —  qu      qw  ^  TV      ru  ^  pw 


1  X2 


2X3 


3  X  1 


hy  —  kx      kz  —  ly      Ix   —  hz 


0 


If  one  of  these  fractions  reduces  to  an  indeterminate  form,  -,  then  one  of  the  others 

must  be  taken  in  its  place. 

This  formula  is  cniefiy  used  in  the  monoclinic  and  triclinic  systems;  and  some  special 
cases  are  referred  to  under  these  systems. 

The  cotangent  relation  becomes  much  simpUfied  for  a  rectangular  zone, 
that  is,  a  zone  between  a  pinacoid  and  a  face  lying  in  a  zone  at  right  angles 
to  it  so  that  the  angle  PR  becomes  90°.  In  Fig.  83  let  P(A«)  and  Q(pgr) 
be  two  faces  lying  in  the  zone  between  a(lOO)  and  d(Oll)  with  the  angle 
a  A  d  =  90°.  Let  Pa  and  Qa  represent  the  angles  between  the  two  faces 
and  the  pinacoid  a.    Then  the  following  holds  true. 

h      tan  Pa  _k  _l 
p      tan  Qa      g      r 

or     the  faces  P  and  Q  lie  in  zones  with  the  other  pmacoids  6(010)  or  c(001) 
the  expression  becomes 

h^k      tan  P6  ^  I 
p      q      tan  Qjb      r 

h  _k  _^l     tan  Pc 
p      q      r     tan  Qc 

If  the  zone  in  question  lies  between  two  pinacoids  which  are  at  right 
angles  to  each  other  so  that  the  indices  of  the  faces  P  and  Q  become  either 
hkO  and  pqO,  hOl  and  pOr  or  Okl  and  Oqr,  we  have 


tan  (100  A  hkO) 
tan  (100  A  pqO) 

tan  (001  A  ^0^) 
tan  (001  A  pOr) 

tan  (001  A  OH) 
tan  (001  A  Oqr) 


k    p 

TV 

h   r 
'T'~p'' 

k   r 


These  equations  are  the  ones  ordinarily  employed  to  determine  the  symbol  of  any  pris- 
matic plane  or  dome. 

llie  most  common  and  important  application  of  this  tangent  principle  is  where  the 
positions  of  the  unit  faces  110,  101,  Oil  are  known,  then  the  relation  becomes 


tan  (100  A  hkO)      k 


=  7-.    or 


Also, 


tan  (100  A  110)      h* 

tan  (001  A  hGi)  ^h 
tan  (001  A  101)       I ' 


tan  (010  A  hkO)  ^h 
tan  (010  A  110)      k' 

tan  (001  A  Okl)  ^k 
tan  (001  A  Oil)      I 
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Thus  the  tangents  of  angles  between  the  base,  001,  and  102,  203,  302,  201.  etc.,  are 
respectively  i,  {,  i,  2  times  the  tangent  of  the  angle  between  001  and  101.    Again,  the 

tangent  of  the  angle  100  A  120  is  twice  the  tangent  of  100  A  110  (here  y  =  2  j,  and  one- 
half  the  tangent  of  010  A  110. 

These  last  relations  are  shown  clearly  in  Fig. 
84  which  represents  a  cros&*section  of  a  barite 
crystal  showing  the  macrodome  zone  between 
a(lOO)  and  c(OOl).  It  is  assumed  that  the  angles 
between  the  faces  a,  u,  d,  I  and  c  have  been 
measured  and  the  positions  of  their  poles  deter- 
mined ajB  indicated  in  the  figure.  The  broken 
lines  drawn  from  a  point  x  on  the  line  represent- 
ing the  a  ciystallographic  axis  show  the  airection 
of  the  traces  of  these  faces  upon  the  plane  of  the 
a  and  c  axes.  If  the  face  u  is  assumed  to  be  the 
unit  dome  (101)  it  will  intersect  the  two  axes  at 
distances  proportional  to  their  unit  lengths, 
namely  O-X  and  0-Y.  The  other  faces  d  and  I 
are  seen  to  intersect  the  c  axis  at  i  and  \  the 
distance  O-Y,  giving  them  the  indices  (102)  and 
(104).  But  the  intercepts  on  O-Y  for  the  three 
faces  u,  d  and  /  are  proportional  to  the  tangents 
of  the  ansles  between  their  poles  and  that  of 
r(OOl)  as  shown  below. 

tan  58**  lOJ'  =  1.6112  =  1 
tan  SS"*  51J'  =  .8056  =  i 
tan  21^  66J'  =    .4028  «  J 
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I.  ISOMETRIC  SYSTEM 

{Regular  or  Cvbic  System) 

60*  The  Isometric  System  embraces  all  the  forms  which  are  referred  to 

three  axes  of  equal  lengths  and  at  right  angles  to  each  other.    Since  these 

axes  are  mutually  interchangeable  it  is  customary  to  designate  them  ail  by 

g-  the  letter  o.    When  properly  orientated  (i.e.  placed  in 

the  commonly  accepted  position  for  study)  one  of 
a,  these  axes  has  a  vertical  position  and  of  the  two 

which  lie  in  the  horizontal  plane,  one  is  perpendicular 
and  the  other  parallel  to  the  observer.  The  order  in 
which  the  axes  are  referred  to  in  giving  the  relations 
of  any  face  to  them  is  indicated  in  Fig.  85  by  lettering 
them  aiy  a%  and  as.  The  positive  and  negative  endi 
of  each  axis  are  also  shown. 

There  are  five  classes  here  included;  of  these  the 
normal  class,*  which  possesses  the  highest  d^ree  of 
Isometric  Axes  symmetry  for  the  system  and,  indeed,  for  all  crystals. 

is  by  far  the  most  important.  Two  of  the  other 
classes,  the  pyritohearal  and  tetrahedral,  also  have  niunerous  representatives 
among  minerals. 

1.  NORMAL  CLASS   (1).    GALENA  TYPE 
(Hexodahedral  or  Holohedral  Class) 

61.  Symmetry.  —  The  symmetry  of  each  of  the  types  of  solids  enumer- 
ated in  the  following  table,  as  belonging  to  this  class,  and  of  all  their  com- 
binations, is  as  follows. 

Axes  of  Symmetry.  There  are  three  principal  axes  of  tetragonal  sym- 
metry which  are  coincident  with  the  crystallographic  axes  and  are  some- 
times known  as  the  cubic  axes  since  they  are  perpendicular  to  the  faces  of 
the  cube.  There  are  three  diagonal  axes  of  trigonal  symmetry  which  emerge 
in  the  middle  of  the  octants  formed  by  the  cubic  axes.  These  are  known  as 
the  octahedral  axes  since  they  are  perpendicular  to  the  faces  of  the  octahedron. 
Lastly  there  are  six  diagonal  axes  of  binary  symmetry  which  bisect  the  plane 
angles  made  by  the  cubic  axes.  These  are  perpendicular  to  the  faces  of  the 
dodecahedron  and  are  known  as  the  dodecahedral  axes.  These  synunetry 
axes  are  shown  in  the  Figs.  86-88. 

Planes  of  Symmetry,  There  are  three  principal  planes  of  synunetry 
which  are  at  right  angles  to  each  other  and  whose  intersections  fix  the  posi- 

*  It  is  called  normal,  as  before  stated,  since  it  is  the  most  common  and  hence  by  far  the 
most  important  class  under  the  system ;  also,  more  fundamentally,  because  the  forms  here 
included  possess  the  highest  grade  of  symmetry  possible  in  the  system.  The  cube  is  a  pos- 
sible form  in  each  of  the  five  classes  of  this  system,  but  although  these  forms  are  alike  geo- 
metrically, it  is  only  the  cube  of  the  normal  class  that  has  the  full  symmetry  as  regards 
molecular  structure  which  its  geometrical  shape  su^ests.  If  a  crjrstal  is  said  to  belong  to 
the  isometric  system,  without  further  qualification;  it  is  to  be  understood  that  it  is  included 
here.    Similar  remarks  apply  to  the  normal  classes  of  the  other  systems. 
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tion  of  the  crystallographic  axes,  Fig.  89.  In  addition  there  are  six  diagonal 
planes  of  symmetry  which  bisect  the  angles  between  the  principal  planes, 
Fig.  90. 
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Principal  Symmetry  Planes 

The  accompanying  stereographic  projection 
(Fig.  91),  constructed  in  accordance  with  the 
principles  explained  in  Art.  44,  shows  the  dis- 
tribution I  ,  hkl 
(hexoctahi  iarly 
the  symmi  i  the 
projection 

S2.   Ft  >rma 
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Diagonal  Symmetry  Planes 


Symmetry  of  Normal  Class, 
Isometric  System 
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Indioes 

1.  Cube (100) 

2.  Octahedron (Ill) 

3.  Dodecahedron (110) 

4.  Tetrahexahedron (WW)  as,  (310);  (210);  (320),  etc. 

5.  Trisoctahedron (AAZ)  as,  (331);   (221);  (332),  etc. 

6.  Trapezohedron (WZ)  as,  (311);  (211);  (322),  etc. 

7.  Hexoctahedron (WW)  as,  (421);  (321),  etc. 

Attention  is  caUed  to  the  letters  uniformly  used  in  this  work  and  in  Dana's  System  of 
Mineralogy  (1892)  to  designate  certain  of  the  isometric  forms.*    They  are: 

Cube:  a. 

Octahedron:  o. 

Dodecahedron:  d, 

Tctrahexahedrons:  e  «  210;  /  -  310;  g  «  320;  h  »  410. 

Trisoctahedrons:  p  »  221;  g  =  331;  r  »  332;  p  »  441. 

Trapezohedrons:  m  »  311;  n  »  211;  /3  «  322. 

Hexoctahedrons:  a  —  321;  i  =  421. 

63.  Cube.  —  The  cubef  whose  general  symbol  is  (100),  is  shown  in 
Fig.  92.  It  is  bounded  by  six  similar  faces,  each  parallel  to  two  of  the  axes. 
Each  face  is  a  square,  and  the  interfacial  angles  are  all  90°.  The  faces  of 
the  cube  are  parallel  to  the  principal  or  axial  planes  of  symmetry. 
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64.  Octahedron.  —  The  octahedron,  shown  in' Fig.  93,  has  the  general 
symbol  (111).  It  is  bounded  by  eight  similar  faces,  each  meeting  the  three 
axes  at  equal  distances.  E^h  face  is  an  equilateral  triangle  with  plane 
angles  of  60^    The  normal  interfacial  anele,  (111  A  ill),  is  70°  31'  44''. 

66.  Dodecahedron.  —  The  rhombic  aodecahedroriy  f  shown  in  Fig.  94, 
has  the  general  symbol  (110).  It  is  bound^.by  twelve  faces,  each  of  which 
meets  two  of  the  axes  at  equal  distances  and  is  parallel  to  the  third  axis. 
Each  face  is  a  rhomb  with  plane  angles  of  7Qi^  and  109J°.  The  normal  in- 
terfacial angle  is  60^.  The  faces  of  the  dodecahedron  are  parallel  to  the  six 
auxiliary,  or  diagonal,  planes  of  symmetry. 

*  The  usage  followed  here  (as  also  in  the  other  systems)  is  m  q^ost  cases  that  of  Miller 
(1852). 

t  The  dodeoahedron  of  the  crystallographcr  is  tins  form  with  rhombic  shaped  faces 
commonly  found  on  crystals  of  garnet.  Geoinctricintis  recogiMiy  various  solids  bounded 
by  twelve  similar  faces;  of  these  the  regular  (penta«  •iiul)  doiMiHibedron  is  the  most  im- 
portant. In  ci^stallography  this  soUd  is  impoesibi  though  ffm  vyriiohedron  approxi- 
mates to  it.    (See  Art.  68.) 
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It  will  be  remembered  that,  while  the  forms  described  are  designatea  respectively  by 
the  symbols  (100),  (111),  and  (110),  each  face  of  any  one  of  the  forms  has  its  own  indices. 
Thus  for  the  cube  the  six  faces  nave  the  indices 

100,    010,   001,    loo,    OlO,    OOl. 

For  the  odahedron  the  indices  of  the  eight  faces  are: 

Above    111,      111,      ni. 


Below     111,      III,      m. 


111; 

in. 


For  the  dodecahedron  the  indices  of  the  twelve  faces  are: 

110,     IlO,     TIo,     ilg, 

101,      lOl,      lOL      101, 
Oil,      Oil,      Oir,      Oil. 

These  should  be  carefuUy  studied  with  reference  to  the  figures  (and  to  models),  and  also 
to  the  projections  (Figs.  125,  126).  The  student  should  bc^me  thoroughly  fanuliar  with 
these  individual  indices  and  the  relations  to  the  axes  which  they  express,  so  that  he  can 
give  at  ODoe  the  indices  of  any  face  required. 
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66.  Combinations  of  the  CubOi  Octahedron,  and  Dodeoahedron.  — 

Figs.  95,  96,  97  represent  combinations  of  the  cube  and  octahedron;  Figs. 
98,  101  of  the  cube  and  dodecahedron;  Figs.  99,  100  of  the  octahedron  and 
dodecahedron;  finally,  Figs.  102,  103  show  combinations  of  the  three  forms. 
The  predominating  form,  as  the  cube  in  Fig.  95,  the  octfdiedron  in  Fig.  97, 
etc.,  is  usually  said  to  be  modified  by  the  faces  of  the  other  forms.  In  Mg. 
96  the  cube  and  octahedron  are  sometimes  said  to  be  ''in  equilibrium," 
since  the  faces  of  the  octahedron  meet  at  the  middle  points  of^the  edges  of 
the  cube.  • 
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It  should  be  carefully  noticed,  further,  that  the  octahedral  faces  replace 
the  solid  angles  of  the  cube,  as  regular  triangles  equally  inclined  to  the  adja- 
cent cubic  faces,  as  shown  in  Fig.  95.  Again,  the  square  cubic  faces  replace 
the  six  solid  angles  of  the  octahedron,  being  equally  inclined  to  the  adjacent 
octahedral  faces  (Fig.  97).  The  faces  of  the  dodecahedron  truncate  *  the 
twelve  similar  edges  of  the  cube,  as  shown  in  Fig.  101.  They  also  truncate 
the  twelve  edges  of  the  octahedron  (Fig.  99).  Further,  in  Fig.  98  the  cubic 
faces  replace  the  six  tetrahedral  solid  angles  of  the  dodecahedron,  while  the 
octahedral  faces  replace  its  eight  trihedral  solid  angles  (Fig.  100). 
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102 


Cube  and  Dodeca- 
hedron 


Cube.  Octahedron  and 
Dodecahedron 


Octahedron,  Cube  and 
Dodecahedron 


The  normal  interfacial  angles  for  adjacent  faces  are  as  follows: 


Cube  on  octahedron,  ao,  100  A  111 

Cube  on  dodecahedron,  ad,  100  A  110 

Octahedron  on  dodecahedron,  od.  Ill  A  110 


54°  44'  8". 
45°  0'  0". 
35°  15'  52''. 


67.  Afi  explained  in  Art.  18  actual  crystals  always  deviate  more  or  less  widely  from  the 
ideal  solids  figured,  in  consequence  of  the  ime(]ual  development  of  like  faces.  Such  crystals, 
therefore,  do  not  satisfy  the  geometrical  definition  of  right  symmetry  relatively  to  the  three 
principal  and  the  six  auxiliary  planes  mentioned  on  p.  53  but  they  do  conform  to  the  con- 
ditions of  crystallographic  symmetry^  re^quiring  like  angular  position  for  similar  faces. 
Again,  it  will  be  noted  that  in  a  combmation  form  many  of  the  faces  do  not  actually  meet 
the  axes  within  the  crystal,  as,  for  example,  the  octahedm  face  o  in  Fie.  95.  It  is  stul  true, 
however,  that  this  face  would  meet  the  axes  at  eoual  distances  if  produced;  and  since  the 
axial  ratio  is  the  essential  point  in  the  case  of  each  form,  and  the  actual  lengths  of  the  axes 
are  of  no  importance,  it  is  not  necessary  that  the  faces  of  the  different  forms  in  a  crystal 
should  be  referred  to  the  same  actual  axial  lengths.  The  above  remarks  will  be  seen  to 
apply  also  to  all  the  other  forms  and  combinations  of  fonns  described  in  the  pages  following. 

68.  Tetrahexahedion.  —  The  tetrahexahedron  (Figs.  104,  105,  106)  is 
bounded  by  twenty-four  faces,  each  of  which  is  an  isosceles  triangle.  Four 
of  these  faces  together  occupy  the  position  of  one  face  of  the  cube  (hexahe- 
dron) whence  the  name  commonly  applied  to  this  form.  The  general  symbol 
is  (AfcO),  hence  each  face  is  parallel  to  one  of  the  axes  while  it  meets  the  other 
two  axes  at  imequal  distances  which  are  definite  multiples  of  each  other. 
There  are  two  kinds  of  edges,  lettered  A  and  C  in  Fig.  104;  the  interfacial 
angle  of  either  edge  is  sufficient  to  determine  the  sjmibol  of  a  given  form 
(see  below).  The  angles  of  some  of  the  common  forms  are  given  on  a  later 
page  (p.  63). 


*  The  words  truncatef  truruxUion^  are  used  only  when  the  modifying  face  makes  equal 
angles  with  the  adjacent  similar  faces. 
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There  may  be  a  large  number  of  tetrahexahedrons,  as  the  ratio  of  the 
intercepts  of  the  two  axes,  and  hence  of  A  to  fc  varies;  for  example,  (410), 
(310),  (210),  (320),  etc.  The  form  (210)  is  shown  in  Fig.  104;  (410)  in 
Fig.  105,  and  (530)  in  Fig.  106.  All  the  tetrahexahedrons  fall  in  a  zone 
with  a  cubic  face  and  a  dodecahedral  face.  As  h  increases  relatively  to  k  the 
form  approaches  the  cube  (in  which  A  :  A;  =  oo  :  1  or  1  :  0),  while  as  it  dimin- 
ishes and  becomes  more  and  more  nearly  equal  to  i  in  value  it  approaches 
the  dodecahedron;  for  which  h  —  k.  Compare  Fig.  105  and  Fig.  106;  also 
Figs.  125,  126.  The  special  symbols  belonging  to  each  face  of  the  tetra- 
hexahedron  should  be  carefully  noted. 


105 


106 


107 


TetrahexahedronB 
106 


109 


x"^^   " 

~< 

"T^ 

^ 

f^  I 

\ 

e 

7 

r" 

a 

e 

a 

y 

^ 

k-* 

Cube  and  Tetrahexa- 
hedron 


Octahedron  and 
Tetrahexahedron 


Dodecahedron  and 
Tetrahexahedron 


The  faces  of  the  tetrahexahedron  bevel  *  the  twelve  similar  edges  of  the 
cube,  as  in  Fig.  107;  they  replace  the  solid  angles  of  the  octahedron  by  four 
faces  inclined  on  the  edges  (Fig.  108;/  =  310),  and  also  the  tetrahedral 
solid  angles  of  the  dodecahedron  by  four  faces  inclined  on  the  faces  (Fig. 
109;  h  =  410). 

69.  Trisoctahedron.  —  The  trisoctahedron  (Fig.  110)  is  bounded  by 
twenty-four  similar  faces;  each  of  these,  is  an  isosceles  triangle,  and  three 
together  occupy  the  position  of  an  octahedral  face,  whence  the  common 
name.  Further,  to  distinguish  it-  from  the  trapezohedron  (or  tetragonal 
trisoctahedron),  it  is  sometimes  called  the  trigonal  trisoctahedron.  There  are 
two  kinds  of  edges,  lettered  A  and  B  in  Fig.  110,  and  the  interfacial  angle 
corresponding  to  either  is  suflScient  for  the  determination  of  the  special 
symbol. 


*  The  word  hevd  is^ed  when  two  like  faces  replace  the  edge  of  a  form  and  hence  are 
inclined  at  equal  angles  to  its  adjacent  similar  faces. 
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The  general  symbol  is  (hhl);  common  forms  are  (221),  (331),  etc.  Eacd 
face  of  the  trisoctahedron  meets  two  of  the  axes  at  a  distance  less  than  unity 
and  the  third  at  the  unit  length,  or  (which  is  an  identical  expression*)  it 
meets  two  of  the  axes  at  the  unit  length  and  the  third  at  a  distance  greater 
than  unity.  The  indices  belonging  to  each  face  should  be  carefully  noted. 
The  normal  interfacial  angles  for  some  of  the  more  common  forms  are  given 
on  a  later  page. 

110  111  iia 


Trisoctahedron  Cube  and  Trisoctahedion  Octahedron  and 

Trisoctahedron 

60.  Trapezohedron.  —  The  trapezohedran  f  (Figs.  113,  114)  is  bounded 
by  twenty-four  similar  faces,  each  of  them  a  quadrilateral  or  trapezium.  It 
also  bears  in  appearance  a  certain  relation  to  the  octahedron,  whence  the 
name,  sometimes  employed,  of  tetragonal  trisoctahedron.  There  are  two 
kinds  of  edges,  lettered  B  and  C,  in  Fig.  113.  The  general  symbol  is  hU; 
common  forms  are  (311),  (211),  (322),  etc.  Of  the  faces,  each  cuts  an  axis 
at  a  distance  less  than  unity,  and  the  other  two  at  the  unit  length,  or  (again, 
an  identical  expression)  one  of  them  intersects  an  axis  at  the  unit  length  and 
the  other  two  at  equal  distances  greater  than  unity.  The  indices  belonging 
to  each  face  should  be  carefully  noted.  The  normal  interfacial  angles  for 
some  of  the  common  forms  are  given  on  a  later  page.  Another  name  for  this 
form  is  icositetrahedron. 

61.  The  combinations  of  these  forms  with  the  cube,  octahedron,  etc., 
should  be  carefully  studied.  It  will  be  seen  (Fig.  Ill)  that  the  faces  of  the 
trisoctahedron  replace  the  solid  angles  of  the  cube  as  three  faces  equally 
inclined  on  the  edges;  this  is  a  combination  which  has  not  been  observed  on 
crystals.  The  faces  of  the  trapezohedron  appear  as  three  equal  triangles 
equally  inclined  to  the  cubic  faces  (Fig.  115). 

Again,  the  faces  of  the  trisoctahedron  bevel  the  edges  of  the  octahedron, 
Fig.  112,  while  those  of  the  trapezohedron  are  triangles  inclined  to  the  faces 
at  the  extremities  of  the  cubic  axes.  Fig.  119;  m(311).  Still  again,  the  faces 
of  the  trapezohedron  n(211)  truncate  the  edges  of  the  dodecsdiedron  (110), 
as  shown  in  Fig.  118;  this  can  be  proved  to  follow  at  once  from  the  zonal 

*  Since  ia  :  }&  :  )c  «  la  :  16  :  2c.  The  student  should  read  again  carefully  the  ex- 
planations in  Art.  36. 

t  It  will  be  seen  later  that  the  name  trapezohedron  is  also  given  to  other  solids  whose 
faces  are  trapeziums  conspicuously  to  the  tetragonal  trapezohedron  and  the  trigonal 
trapezohedron. 
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relations  (Arts.  46,  46) ,  cf.  also  Figs.  125,  126.  The  position  of  the  faces  of 
the  form  m(311),  in  combination  with  o,  is  shown  in  Fig.  119;  with  d  in 
Fig.  120. 

118  114 


TVapesohedrons 

It  should  be  added  that  the  trapezohedron  n(211)  is  a  common  form  both 
alone  and  in  combination;  m(311)  is  common  in  combination.  The  trisoc- 
tahedron  alone  is  rarely  met  with,  though  in  combination  (Fig.  112)  it  is  not 
uncommon. 
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Analcite.    Trapezohedron   Garnet.    Trapezohedron  and 
and  Octahedron  Dodecahedron 
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62.  Hezoctahedron^  —  The  hexodahedron.  Figs.  121,  122,  is  the  gen- 
eral form  in  this  system;  it  is  bounded  by  forty-eight  similar  faces,  each  of 
which  is  a  scalene  triangle,  and  each  iutersects  the  three  axes  at  unequal 
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distanoeB.  The  general  symbol  is  (hkl);  common  forms  are  «(321),  shown  ia 
Fig.  121,  and  t(421),  m  Fig.  122  The  indices  of  the  mdividual  faces,  as 
shown  in  Fig.  121  and  more  fully  in  the  projections  (Figs.  125,  126),  should 
be  carefully  studied 


The  hexoctahedron  has  three  kinds  of  edges  lettered  -4,  fi,  C  (longer, 
middle,  shorter)  in  Fig.  122;  the  angles  of  two  of  these  edges  are  needed  to 
fix  the  symbol  unless  the  zonal  relation  can  be  made  use  of  In  Fig.  124  the 
faces  of  the  hexoctahedron  bevel  the  dodocahedral  edges,  and  hence  for  this 
form  h  =  k  +  I;  the  fonn  s  has  the  special  symbol  (321).  The  hexocta- 
hedron alone  is  a  very  rare  form,  but  it  is  seen  in  combination  with  the  cube 
(Fig  123,  fluorite)  as  six  small  faces  replacing  each  solid  angle.  Fig.  124  is 
common  with  garnet. 
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Fluorite     Cube  and 
Hexootahedron 


Qamet.    Dodecahedroo 
and  Hexoctahedron 


64.  Pseudo*8ymmetry  in  the  Isometric  System.  —  Isometric  forms,  by 
development  in  the  direction  of  one  of  the  cubic  axes,  simulate  tetragonal 
forms.  More  common,  and  of  greater  interest,  are  forms  simulating  those  of 
rhombohedral  symmetry  by  extension,  or  by  flattening,  in  the  direction  of  an 
octahedral  axis.  Both  these  cases  are  illustrated  later.  Conversely,  certam 
rhombohedral  forms  resemble  an  isometric  octahedron  in  angle. 

66.  Stereographic  and  Gnomonic  Projections.  —  The  stereographic 
projection,  Fig  125,  and  gnomonic  projection,  Fig.  126,  show  the  positions 
of  the  poles  of  the  faces  of  the  cube  (100),  octahedron  (HI),  and  dodecahe- 
dron (110);  also  the  tetrahexahedron  (210),  the  trisoctahedron  (221),  the 
trapezohedron  (211),  and  the  hexoctahedron  (321). 
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The  student  should  study  this  projection  carefully,  noting  the  symmetry  marked  by  the 
zones  100.  001,  100,  and  100,  010,  lOO;  also  by  110,  001.  IIO;  lIO,  001,  IlO-  010,  101, 
OTO;  010,  lOl,  OTO.  Note  further  that  the  faces  of  a  given  lorm  are  symmetrically  distrib- 
uted about  a  cubic  face,  as  001:  a  dodecahedral  face,  as  101;  an  octahedral  face,  as  111. 

Note  further  the  symbols  tnat  belong  to  the  individual  faces  of  each  form,  comparing 
the  projections  with  the  figures  which  precede. 


Stereographic  Projection  of  Isometric  Forms  (Cube  (100).  Octahedron  (111),  Dodecanedron 
(110),  Tetrahexahedron  (210),  Trisoctahedron  (221),  Trapezohedron  (211),  Hexocta- 
hedron  (321)) 


Finally,  note  the  prominent  zones  of  planes;  for  example,  the  zone  between  two  cubic 
faces  incluoing  a  dodecahedral  face  and  the  faces  of  all  possible  tetrahexahedrons.  Again, 
the  zones  from  a  cubic  face  (as  001)  through  an  octahedral  face  (as  111)  passing  through 
the  triaoctahedrons,  as  113,  112,  223,  and  the  trapezohedrons  332,  221,  331,  etc.  Also  tbe 
zone  from  one  dodecahedral  face,  as  110,  to  another,  as  101,  passing  through  321,  211,  312, 
etc.  At  the  same  time  compare  these  zones  with  the  same  zones  shown  on  the  figures 
already^  described.  A  study  of  the  relations  iUustrat^  in  Fig.  127  will^  found  useful. 
From  it  is  seen  that  any  crystal  face  falling  in  the  zone  between  the  cube  and  dodecahedron 
must  belong  to  a  tetrahexahedron;  any  face  falling  in  the  zone  between  the  cube  and  octa- 
hedron must  belong  to  a  trapezohedron;  and  any  face  falling  in  the  zone  between  the 
octahedron  and  dodecahedron  must  belong  to  a  trisoctahedron,  further  any  face  falling 
outside  tiiese  three  zones  must  belong  to  a  hexoctahedron. 
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Qaomonic  Projection  of  laometric  Fomu  (Cube  (100),  OctahedroD  (111),  Dodecahedron 
(110),  Tetrahexabedmn  (210),  lYiaoctabedroii  (221),  Tit^ieKfaedTDii  (211),  Hexocta- 
hediDQ  (321)) 
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66.  Angles  of  Common  Isometric  Forms.* 

Tetrahexahedbons. 


FidgeA 

F/dge  C 

Angle  on 

Angle  on 

a.  Fig.  104. 

210  A  201,  ( 

etc. 

210  A  120.  etc. 

aaoo) 

14^    2i' 

oQll) 
45^  331' 
43     5i 

410 

19^45' 

6V  551' 
53   17 

310 

25  50i 

18  26 

520 

30  27 

46  23 

21   48 

41   22 

210 

36   52i 

36  52 
28     4: 

26  34 

39    14 

530 

42  40 

30  671 

37   37 

320 

46    lU 

22   37 

33  41 

36   481 

430 

50   12 

16   15 

36  52 
38  39 

36     41 

540 

52  25 

12  40 

35  45} 

TRISOCTAjli£l>HON8. 
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EdgeB   ^ 

Angle  on 

Angle  on 

Cf.  Rg.  110. 

221  A  212;  ( 

etc. 

221  A  221,  elc. 

0(100) 
50^  14J' 

oQll)        „ 
10^    11' 
15  47} 

332 

17**20J' 

50°  28  ' 

221 

27   16 

38  56 

48   11 

552 

33   334 
37   51} 

31   35 
26  31 

47     71 

19  28i 

331 

46   30 

22     0 

772 

40  59 

22  50 
20     2 

46     7 

23   501 
25   14} 

441 

43  20i 

45  52 

Tbafbcohedronb. 

EdgeB 

EdgeC 

Angle  on 

Angle  on 

a.  Fig.  113. 

211  A  2Tl,  i 

stc 

211  A  121,  etc. 
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19^281 

0(111) 
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27**  16' 

60**    0' 

35**  15i' 
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30  431 
35     5} 

55  501 
50  28 

22     0 

32  44 

311 

25   141 

29  29} 
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40  45 

43  20 

29  29 

25   14 

211 

48   Hi 

33  33i 

35   15 

19  28 

322 

58     2 

19  45 

43   18: 

11   25 

Hexoctahedrons. 

Edge  A 

EdgeB                EdgeC 

Angle  on      Angle  on 

Cf.  Fig.  121.    321  A  312,  etc.     321  A  321.  etc.     321  A  231,  etc. 

a(lOO)         0(111) 

421               ir 

'451' 

25' 

'  121'                 35° 
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2.  PYRITOHEDRAL  CLASS  (2).    PYRITE  TYPE 
{Dyiikdadodecahedral  or  Pentagonal  Hemihedral  Class) 

67.  Typical  Forms  and  Symmetry.  —  The  typical  forms  of  the  pyrito- 
hedrai  class  are  the  pyritohedron,  or  pentagonal  dodecahedron,  Figs.  129,  130, 
and  the  diploid^  or  dyakisdodecahedrpn,  Fig.  135.  The  symmetry  of  these 
forms,  as  of  the  class  as  a  whole,  is  as  follows:  The  three  crystallographic 
axes  are  axes  of  binary  symmetry  only;  there  are  also  four  diagonal  axes  of 
trigonal  symmetry  coinciding  with  the  octahedral  axes.  There  are  but  three 
planes  of  symmetry;  these  coincide  with  the  planes  of  the  crystallographic 
axes  and  are  parallel  to  the  faces  of  the  cube. 

The  stereographic  projection  in  Fig.  128  shows  the  distribution  of  the 
faces  of  the  general  form  (hkl),  diploid,  and  thus  exhibits  the  symmetry  of 
the  class.    This  should  be  carefully  compared  with  the  corresponding  pro- 

*  A  fuller  list  is  e^ven  in  the  Introduction  to  Dana's  System  of  Mineralogy,  1892, 
pp.  iz-xxiii. 
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jection  (Fig.  91)  for  the  normal  class,  so  that  the  lower  grade  of  symmetry 
here  present  be  thoroughly  understood.  In  studying  the  forms  described 
and  illustrated  in  the  following  pages,  this  matter  of  symmetry,  especially  in 
relation  to  that  of  the  normal  class,  should  be  continually  before  the  mind. 

It  will  be  observed  that  the  faces  of  both  the  pyritohedron  (Fig.  129)  and 
the  diploid  (Fig.  135)  are  arranged  in  parallel  pairs,  and  on  this  account 
these  forms  have  been  sometimes  called  parallel  hemihedrons.  Further,  those 
authors  who  prefer  to  describe  these  forms  as  cases  of  hemihedrism  call  this 
type  parallel-faced  hemihedrism  or  pentagonal  hemihedrism. 

68,  Pjrritohedron.  —  The  pyritohedron  (Fig.  129)  is  so  named  because 
it  is  a  typical  form  with  the  common  species,  pyrite.  It  is  a  solid  bounded 
by  twelve  faces,  each  of  which  is  a  pentagon,  but  with  one  edge  (A,  Fig.  129) 
longer  than  the  other  four  similar  edges  (C).  It  4s  often  called  a  pentagonal 
dodecahedron,  and  indeed  it  resembles  closely  the  regular  dodecahedron  of 
geometry,  in  which  the  faces  are  regular  pentagons.  This  latter  form  is, 
however,  an  impossible  form  in  crystallography. 
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PyritohedronB 


Showing  Relation  between 
Pyritohedron  and  Tetia- 
hexahedron 


The  general  s3rmbol  is  QM)  or  like  that  of  the  tetrahexahedron  of  the 
normal  class.  Hence  each  face  is  parallel  to  one  of  the  axes  and  meets  the 
other  two  axes  at  unequal  distances.  Common  forms  are  (410),  (310),  (210), 
(320),  etc.  Besides  the  positive  pyritohedron,  as  (210),  there  is  also  the  com- 
plementary negative  form  *  shown  in  Fig.  130;  the  symbol  is  here  (120). 
Other  common  forms  are  (250),  (230),  (130),  etc. 

The  positive  and  negative  pyritohedrons  together  embrace  twenty-four 
faces,  having  the  same  position  as  the  twenty-four  like  faces  of  the  tetra- 
hexahedron of  the  normal  class.  The  relation  between  the  tetrahexahedron 
and  the  pyritohedron  is  shown  in  Fig.  131,  where  the  alternate  faces  of  the 
tetrahexahedron  (indicated  by  shading)  are  extended  to  form  the  faces  of 
the  pjrritohedron. 

69.  Combinations.  —  The  faces  of  the  pyritohedron  replace  the  edges 
of  the  cube  as  shown  in  Fig.  132;  this  resembles  Fig.  101  but  here  the  faces 
make  unequal  angles  with  the  two  adjacent  cubic  faces.  On  the  other 
hand,  when  the  pyritohedron  is  modified  by  the  cube,  the  faces  of  the  latter 
truncate  the  longer  edges  of  the  pentagons. 


*  The  negative  forms  in  this  and  similar  cases  have  sometimes  distinct  letters,  some- 
times the  same  as  the  positive  form,  but  are  then  distinguished  by  a  subscript  accent,  as 
e(210)  and  e,  (120). 
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Fig.  133  shows  the  combination  of  the  pyritohedron  and  octahedron,  and 
in  Fig.  134  these  two  forms  are  equally  developed.  The  resulting  combina- 
tion bears  a  close  similarity  to  the  icosahedron,  or  regular  twenty-faced  solid, 
of  geometry.  Here,  however,  of  the  twenty  faces,  the  eight  octahedral  are 
equilateral  triangles,  the  twelve  others  belonging  to  the  pyritohedron  are 
isosceles  triangles. 
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134 


Cube  and  Pyritohedron 


Octahedron  and 
Pyritohedron 


Octahedron  and 
Pyritohedron 


186 


Dii^oid 


70.  Diploid.  —  The  diploid  is  bounded  by  twenty-four  similar  faces, 
each  meeting  the  axes  at -unequal  distances;  its  general  symbol  is  hence 
(hk[),  and  common  forms  are  «(321),  <(421),  etc.  The  form  (321)  is  shown 
m  Fig.  135;  the  symbols  of  its  faces,  as  giveii,  should 
be  carefully  studied.  As  seen  in  the  figure,  the  faces 
are  quadrilaterals  or  trapeziums;  moreover,  they  are 
grouped  in  pairs,  hence  the  common  name  diploid.  It 
is  also  sometimes  called  a  dyakisdodecahedron. 

The  complementary  negative  form  bears  to  the 
positive  form  of  Fig.  135  the  same  relation  as  the 
negative  to  the  positive  pyritohedron.  Its  faces  have 
the  symbols  312,  231,  123,  in  the  front  octant,  and 
similarly  with  the  proper  negative  signs  in  the  others. 
The  positive  and  n^ative  forms  together  obviously 
embrace  all  the  faces  of  the  hexoctahedron  of  the 
normal  class.  The  diploid  can  be  considered  to  be 
derived  from  the  hexoctahedron  by  the  extension  of  the  alternate  faces  of 
the  latter  and  the  omission  of  the  remaining  faces,  exactly  as  in  the  case 
of  the  pyritohedron  and  tetrahexahedron  (Art.  68). 

In  Pig.  136  the  positive  diploid  is  shown  in  combination  with  the  cube. 
Here  the  three  faces  replace  each  of  its  solid  angles.  This  combination  form 
resembles  that  of  Fig.  Ill,  but  the  three  faces  are  here  unequally  inclined 
upon  two  adjacent  cubic  faces.  Other  combinations  of  the  diploid  with  the 
cube,  octahedron,  and  pyritohedron  are  given  in  Figs.  137  and  138. 

71.  Other  Forms.  —  If  the  pyritohedral  type  of  symmetry  be  applied  to 
planes  each  parallel  to  two  of  the  axes,  it  is  seen  that  this  symmetry  calls  for 
six  of  these,  and  the  resulting  form  is  obviously  a  cube.  This  cube  cannot  be 
distinguished  geometrically  from  the  cube  of  the  normal  class,  but  it  has  its 
own  characteristic  molecular  symmetry.  Corresponding  to  this  it  is  com- 
mon to  find  cubes  of  pyrite  with  fine  lines  (striations)  parallel  to  the  alter- 
nate edges,  as  indicated  in  Fig.  139.    These  are  due  to  the  partial  develop- 
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ment  of  pyritohedral  faces  (210).    On  a,  normal  cube  nmilar  Btriations,  if 
present,  must  be  parallel  to  both  sets  of  edges  on  each  cubic  face. 


Pyrite.  Striated  Cube 


PlBnOHMDBONB. 


Similarly  to  the  cube,  the  remaining  forms  of  this 
pyritohedral  class,  namely,  (111),  (110),  (WU),  (hU),  have 
the  same  geometrical  form,  respectively,  as  the  octahedron, 
dodecahedron,  the  trisoctahedrons  and  trapezohedrons  of 
the  normal  class.  In  molecular  structure,  however,  these 
forms  are  distinct,  each  having  the  symmetry  described 
in  Art.  67. 

72.  Angles.  —  The  following  tables  contain  the  angles 
of  aome  common  forms. 
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73  44f 
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39  14 
37   37 


35  45) 

36  351 
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321  A  32l,  etc.    321  A  32T,  etc.  321  A  213,  etc. 
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68    141  37    511  36    20 
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64  37}  31  01  38  121 
67  42)  43  361  26  171 
72   41  22  371  43   3 
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3.  TETRAHEDRAL  CLASS  (3).    TETRAHEDRITE  TYPE 

(Hextetrahedral,  Teb-ahedrai  Hemikedral  Claaa) 

73.   Typical  Forms  and  Symmetry.  —  The  typical  form  of  this  class, 
and  that  from  which  it  derives  its  name,  is  the  tetrahedron,  shown  in  Fi^. 
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140 


141,  142.    There  are  also  three  other  distinct  forms,  shown  in  Figs.  149, 
150,  151. 

The  symmetry  of  this  class  is  as  follows.  There  are  three  axes  of  binary 
symmetry  which  coincide  with  the  crystallographic  axes.  There  are  also 
four  diagonal  axes  of  trigonal  symmetry  which  coincide  with  the  octahedral 
axes.  Tliere  are  six  diagonal  planes  of  sym- 
metry.   There  is  no  center  of  symmetry. 

The  stereographic  projection  (Fig.  140) 
shows  the  distribution  of  the  faces  of  the 
g^ieral  form  (hkl),  hextetrahedron,  and  thus 
exhibits  the  symmetry  of  the  class.  It  will  be 
seen  at  once  that  the  like  faces  are  all  grouped 
in  the  altemate  octants,  and  this  will  be  seen 
to  be  characteristic  of  all  the  forms  peculiar 
to  this  class.  The  relation  between  the  sym- 
metry here  described  and  that  of  the  normal 
class  must  be  carefully  studied.  • 

In  distinction  from  the  pyritohedral  forms 
whose  faces  were  in  parallel  pairs,  the  faces  of 
the  tetrahedron  and  the  analogous  sohds  are 
inclined  to  each  other,  and  hence  they  are 
sometimes  spoken  of  as  inclined  hemihedronSy  and  the  type  of  so-called  hemi- 
hediism  here  illustrated  is  then  called  inclined  or  tetrahedral  hemihedrism. 

74.  Tetrahedron.  —  The  tetrahedron,*  as  its  name  indicates,  is  a  four- 
faced  solid,  bounded  by  planes  meeting  the  axes  at  equal  distances.  Its 
general  symbol  is  (lll^andj;he  four  faces  of  the  positive  form  (Fig.  141) 
have  the  s3rmbols  111,  111,  ill,  III.  These  correspond  to  four  of  the  faces 
of  the  octahedron  of  the  normal  class  (Fig.  93).  The  relation  between  the 
two  forms  is  shown  in  Fig.  143. 

141 


Symmetry  of  Tetrahedral  Class 


Positive  Tetrahedron 


Negative  Tetrahedron 


Showing  Relation  between 
Octahedron  and  Tetrahedron 


Each  of  the  four  faces  of  the  tetrahedron  is  an  equilateral  triangle;  the 
(normal)  interfacial  angle  is  109°  29'  16".  The  tetrahedron  is  the  regular 
triangular  pyramid  of  geometry,  but  crystallographically  it  must  be  so  placed 
that  the  axes  join  the  middle  points  of  opposite  edges,  and  one  axis  is  vertical. 

*  This  is  one  of  the  five  regular  sohds  of  geometrsr,  which  include  also  the  cube,  octa- 
hedron, the  r^ular  pentagonal  dodecahedron,  and  the  icosahedron;  the  last  two,  as  already 
noted,  are  impossible  forms  among  crystals. 
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There  are  two  possible  tetrahedrons:  the  positive  tetrahedron  (111), 
designated  by  the  letter  o,  which  has  already  been  described,  and  the  n^a- 
tive  tetrahedron,  having  the_8ame_geometrijMj  form  and  symmetry,  but  the 
indices  of  its  four  faces  are  111,  111,  111,  ill.  This  second  form  is  shown 
in  Fig.  142;  it  is  usually  designated  by  the  letter  o^.  These  two  forms  are, 
as  stated  above,  identical  in  geometrical  shape,  but  they  may  be  distinguished 
in  many  cases  by  the  tests  which  serve  to  reveal  the  molecular  structure, 
particularly  the  etching-figures;  also  in  many  cases  by  p3ax)-electricity  (see 
under  boracite,  p.  306),  Art.  438.  It  is  probable  that  the  positive  and 
negative  tetrahedrons  of  sphalerite  (see  that  species)  have  a  constant  difiFer- 
ence  in  this  particular,  which  makes  it  possible  to  distinguish  them  on  crystals 
from  different  localities  and  of  different  habit. 


144 


146 


146 


Positive  and  Negative 
Tetrahedrons 


Cube  and  Tetrahedron 


Tetrahedron  and  Cube 


If  both  tetrahedrons  are  present  together,  the  form  in  Fig.  144  results. 
This  is  geometrically  an  octahedron  when  the  two  forms  are  equally  de- 
veloped, but  crystallographically  it  is  always  only  a  combination  of  two 
unlike  forms,  the  positive  and  negative  tetrahedrons,  which  can  be  distin- 
guished as  already  noted. 
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148 


Tetrahedron  and 
Dodecahedron 


Boracite.  Cube,  Dodecahedron  with 
Positive  and  Negative  Tetrahedrons 


The  tetrahedron  in  combination  with  the  cube  replaces  the  alternate  solid 
angles  as  in  Fig.  145.  The  cube  modifying  the  tetrahedron  truncates  its 
edges  as  shown  in  Fig.  146.  The  normal  angle  between  adjacent  cubic  and 
tetrahedral  faces  is  54°  44'.  In  Fig.  147  the  dodecahedron  is  shown  modify- 
ing the  positive  tetrahedron,  while  in  Fig.  148  the  cube  is  the  predominating 
form  with  the  positive  and  negative  tetrahedrons  and  dodecahedron. 
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76.  Other  Typical  Forms.  —  There  are  three  other  distinct  types  of 
solids  in  this  class,  having  the  general  symbols  (hhl)j  (hll),  and  (hkl).  The 
first  of  these  is  shown  in  Fig.  149;  here  the  symbol  is  (221).  There  are  twelve 
faces,  each  a  quadrilateral,  belonging  to  this  form,  distributed  as  determined 
by  the  tetrahedral  type  of  symmetry.  They  correspond  to  .twelve  of  the 
faces  of  the  trisoctahedron,  namely,  all  those  falling  in  alternate  octants. 
This  t>'pe  of  solid  is  sometimes  called  a  tetragonal  tristetrahedron,  or  a  deltoid 
dodecahedron.  It  does  not  occur  alone  among  crystals,  but  its  faces  are 
observed  modifying  other  forms 


149 


160 


151 


Tetragonal  Trisietrahedron         Trigonal  Tristetrahedron 


Hextetrahedron 


There  is  also  a  complementary  negative  form,  corresponding  to  the  posi- 
tive form,  related  to  it  in  precisely  the  same  way  as  the  negative  to  the  posi- 
tive tetrahedron.  Its  twelve  faces  are  those  of  the  trisoctahedron  which 
belong  to  the  other  set  of  alternate  octants. 
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Tetrahedrite 


Sphalerite 


Boracite 


Another  form,  shown  in  Fig.  150,  has  the  general  symbol  (WZ),  here  (211); 
it  is  bounded  by  twelve  hke  triangular  faces,  distributed  after  the  type  de- 
manded by  tetrahedral  symmetry,  and  corresponding  consequently  to  the 
faces  of  the  alternate  octants  of  the  form  (hJl)  —  the  trapezohedron  —  of  the 
normal  class.  This  type  of  soUd  is  sometimes  called  a  trigonal  tristetrahedron 
or  trigondodecahedron.*    It  is  observed  both  alone  and  in  combination, 


*  It  b  to  be  noted  that  the  tetragonal  tristetrahedron  has  faoes  which  resemble  those  of 
the  trapezohedron  (tetragonal  trisoctahedron),  although  it  is  related  not  to  this  but  to  the 
trisoctahedron  (trigonal  trisoctahedron).  On  the  other  hand,  the  faces  of  the  trigonal  tris- 
tetrahedron resemble  those  of  the  trisoctahedron,  though  in  fact  related  to  the  trapezo- 
hedron. 
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especially  with  the  species  tetrahedrite;  it  is  much  more  common  than  the 
form  (hhl).  There  is  here  again  a  complementary  negative  form.  Fig.  152 
shows  the  positive  form  n(211)  with  the  positive  tetrahedron,  and  Fig.  153 
the  form  m(311)  with  a(lOO),  o(lll),  and  d(llO).  In  Fig.  154,  the  n^ative 
form  nX2ll)  is  present. 

The  fourth  independent  type  of  solids  in  this  class  is  shown  in  Fig.  151. 
It  has  the  general  symbol  (hkl),  here  (321),  and  is  bounded  by  twenty-four 
faces  distributed  according  to  tetrahedral  symmetry,  that  is,  embracing  all 
the  faces  of  the  alternate  octants  of  the  forty-eight-faced  hexoctahedron. 
This  form  is  sometimes  called  a  hextetrahedron  or  hexakisteirahedran.  The 
complementary  negative  form  (hlcl)  embraces  the  remaining  faces  of  the 
hexoctahedron.  The  positive  hextetrahedron,  t;(531),  is  shown  in  Fig.  154 
with  the  cube,  octahedron,  and  dodecahedron,  also  the  negative  trigonal 
tristetrahedron  nX2ll). 

76.  If  the  tetrahedral  symmetry  be  applied  in  the  case  of  planes  each 
parallel  to  the  two  axes,  it  will  be  seen  that  there  must  be  six  such  faces. 
They  form  a  cube  similar  geometrically  to  the  cube  both  of  the  normal  and 
pyritohedral  class  but  differing  in  its  molecular  structure,  as  can  be  rc»adily 
proved,  for  example,  by  pyro-electricity  (Art.  438).  Similarly  in  the  case 
of  the  planes  having  the  symbol  (110),  there  must  be  twelve  faces  forming  a 
rhombic  dodecahedron  bearing  the  same  relation  to  the  like  geometrical 
form  of  the  normal  class.  The  same  is  true  again  of  the  planes  having  the 
position  expressed  by  the  general  S3rmbol  (hkO) ;  there  must  be  twenty-four 
of  them  and  they  together  form  a  tetrahexahedron. 

In  this  class,  therefore,  there  are  also  seven  types  of  forms,  but  only  four 
of  them  are  geometrically  distinct  from  the  corresponding  forms  of  the 
normal  class. 

77.  Angles.  —  The  following  tables  contain  the  angles  of  some  com- 
mon forms: 

Tetragonal  Tbistetrahedronb. 

Edge  A  Edge  B  Angle  on  Ande  on 

Cf.  Fig.  149.        221  A  212,  etc.  221  A  2l5,  etc.  a(lOO)  o(lll) 

332  17°  20i'  97**  60i'  60^  Uy  IQT    1{ 

221  27   16  90     0  48   111  15  47 

652  33   33i  84  41  47     7}  19  28 


I 


331         37  51f  80  55        46  301       22  0 

Trigonal  Tristetrahedronb. 

Edge  B  Edge  C        Angle  on      Angle  on 

Cf.  Pig.  150   211  A  211,  etc.  211  A  121,  etc.      o(100)        oail) 

411        38**  564'  60**  0'         19^  28i'      35^  15|' 

722        44  (^  65  501        22  0        32  44 

311         50  28  50  28}         25  14}       29  29] 

522        58  59i  43  20$        29  29}       25  14] 

211        70  31  33  33i        35  15}       19  281 

322        86  37}  19  45         43  18}       11  25} 

Hbxtetrahedronb. 

Edge  A  Edge  B  Edge  C    Angle  on   Angle  on 
Cf.  Fig.  151.  321  A  312.  etc.  321  A  3l5,  etc.  321  A  231,  etc.  a(lOO)    o(lll) 

531        27°  391'  57°  7}'  27°  39}'     32°  18}'   28°  33f' 

321        21  47}  69  4}  21  47}     36  42    22  12} 

432        15  5}  82  4}  15  5}     42   1}    15  13} 

431        32  12}  67  22}  15  56}     38  19}   25   4 
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4.  PLAGIOHEDRAL  CLASS  (4).    CUPRITE  TYPE. 
{Pentagonal  Icostteirahedral,  Plagiofiedral  Hemihedral  Class) 

78.  Typical  Fonns  and  Syxnmetry.  —  The  fourth  class  under  the  iso- 
metric system  is  called  the  plagiohedral  or  gyroidal  class  because  the  faces 
of  the  general  form  (hkl)  are  arranged  in  spiral  order.  This  is  shown  on  the 
stereographic  projection.  Fig.  155,  and  also  in 
Figs.  156,  157,  which  represent  the  single  typ- 
ical form  of  the  class.  These  two  complemen- 
tary solids  together  embrace  all  the  faces  of  the 
hexoctahedron.  They  are  distinguished  from 
one  another  by  being  called  respectively  right- 
handed  and  left-handed  pentagonal  icositetra" 
kedrons.  The  other  forms  of  the  class  are 
geometrically  Uke  those  of  the  normal  class. 

The  symmetry  characteristic  of  the  class  in 
general  is  as  follows: 

There  are  no  planes  of  symmetry  and  no 
center  of  symmetry.  There  are,  however,  three 
axes  of  tetragonal  symmetry  normal  to  the 
cubic  faces,  four  axes  of  trigonal  sjrmmetry 
normal  to  the  octahedral  faces,  and  six  axes  of 
binary  symmetry  normal  to  the  faces  of  the  dodecahedron.  In  other  words, 
it  has  aU  the  axes  of  symmetry  of  the  normal  class  while  without  planes  or 
center  of  synunetry. 


S3rminetry  of  Plagiohedral  Class 
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Ril^t  and  Left-handed  Pentagonal  Icositetrahedrons 


Cuprite 


79.  It  is  to  be  noted  that  the  two  forms  shown  in  Figs.  156,  157  are  alike 
geometrically,  but  are  not  superposable;  in  other  words,  they  are  related 
to  one  another  as  is  a  right-  to  a  left-hand  glove.  They  are  hence  said  to  be 
enaniiomarphouSf  and,  as  explained  elsewhere,  the  crystals  belonging  here 
may  be  expected  to  show  circular  light  polarization.  It  will  be  seen  that 
the  complementary  positive  and  negative  forms  of  the  preceding  classes, 
unlike  those  here,  may  be  superposed  by  being  rotated  90**  about  one  of  the 
crystallographic  axes.  This  distinction  between  positive  and  negative 
forms,  and  between  right-  and  left-handed  enantiomorphous  forms,  exists 
also  in  the  case  of  the  classes  of  several  of  the  other  systems. 

This  class  is  rare  among  minerals;  it  is  represented  by  cuprite,  sal  am* 
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moniac,  sylvite,  and  halite.  It  is  usually  shown  by  the  distribution  of  the 
small  modifying  faces,  or  by  the  form  of  the  etching  figures.  Fig.  158  shows 
a  crystal  of  cuprite  from  Cornwall  (Pratt)  with  the  form  2(1310*12). 

5.  TETARTOHEDRAL  CLASS   (5).    ULLMANNITE  TYPE. 

(Teirahedral  Pentagonal  Dodecahedral  Class) 

80.  Sjrmmetry  and  Typical  Forms.  —  The  fifth  remaining  possible  class 
under  the  isometric  system  is  illustrated  by  Fig.  160,  which  represents  the 
twedve-faced  solid  corresponding  to  the  general  symbol  (hkl).  The  distri- 
bution of  its  faces  is  shown  in  the  projection, 
Fig.  159.  This  form  is  sometimes  called  a 
tetrahedral-pentagonal  dodecahedron.  It  is 
seen  to  have  one-fourth  as  many  faces  as  the 
form  {hkl)  in  the  normal  class,  hence  there  are 
four  similar  solids  which  together  embrace  all 
the  faces  of  the  hexoctahedron.  These  four 
solids,  which  are  distinguished  as  right-handed 
(positive  and  negative)  and  left-handed  (posi- 
tive and  negative),  are  enantiomorphous,  like 
those  of  Figs.  156  and  157,  and  hence  the  salts 
crystallizing  here  may  be  expected  to  also  show 
circular  polarization.  The  remaining  forms  of 
the  class  are  (besides  the  cube  and  rhombic 
dodecahedron)  the  tetrahedrons,  the  pyritohe- 
drons,  the  tetragonal  and  trigonal  tristetrahe- 
drons;  geometrically  they  are  Uke  the  solids  of  the  same  names  already 
described.  This  class  has  no  plane  of  symmetry  and  no  center  of  symmetry. 
There  are  three  axes  of  binary  symmetry  normal  to  the  cubic  faces,  and  four 
axes  of  trigonal  symmetry  normal  to  the  faces  of  the  tetrahedron. 
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This  group  is  illustrated  by  artificial  crystals  of  barium  nitrate,  stron- 
tium nitrate,  sodium  chlorate,  etc.  Further,  the  species  uilmannite,  which 
shows  sometimes  pyritohedral  and  again  tetrahedral  forms,  both  having 
the  same  composition,  must  be  regarded  as  belonging  here. 

Mathematical  Relations  of  the  Isometric  System 

81.  Most  of  the  problems  arising  in  the  isometric  system  can  be  solved  at  once  by  the 
right-an^ed  triangles  in  the  sphere  of  projection  (Fig.  125}  without  the  use  of  any  special 
formulas. 
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It  win  be  remembered  that  the  andes  between  a  cubic  face,  as  100.  and  the  adjacent 
face  of  a  tetrahexahedron,  310,  210,  320,  etc.,  can  be  obtained  at  once,  smoe  the  tangent  of 

112  ic 

this  angle  is  equal  to  ^»  ^»  ^i  or  in  general  j- 

tan  ihkO  A  100)  «  ^ 
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oc  «  A;  a  1 

6c  =  A  =  2 
Za<fc  =  90^ 

tan  Z  abc  »  r- 
bc 

Lahc 

(100)  A  (210) 


h 


1 
2 


=  26**  34' 


210 

uo 


This  relation  is  illustrated  in  Fig.  162,  which  also  shows  the  method  of  graphically 
determining  the  indices  of  a  tetrahexahedron,  the  angle  between  one  of  its  faces  and  an 
adjacent  cube  face  beins  giv^. 

Since  all  the  forms  of  a  given  symbol  under  different  species  have  the  same  angles,  the 
tables  of  aneles  already  given  are  verv  useful. 

These  and  similar  angles  may  be  calculated  immediately  from  the  sphere,  or  often  more 
simply  by  the  formulas  given  in  the  following  article. 

82.  FormtiLas.  —  (1)  The  distance  of  the  pole  of  any  face  P(^)  from  the  cubic  faces  is 

S'ven  by  the  following  equations.    Here  Pa  is  the  distance  between  {hid)  and  (100);  P&  is 
le  distance  between  {hki)  and  (010);  and  Pc  that  between  QM)  and  (001). 
These  equations  admit  of  much  simplification  in  the  various  special  cases,  for  (^AO), 
(AA/),  etc.: 

««*P«-A«-ffc«-fP'     cos'Pb»^,^g^p;     oos»Pca^,_^^_^p 

(2)  The  distance  between  the  poles  of  any  two  faces  VQM)  and  Q(p9r)  is  siven  by  the 
following  equation,  which  in  special  cases  may  also  be  more  or  less  simplified: 

^  ^  "  V(;i*  -h  ft»  -f  P)  (P»  +  8*  +  r«)  * 

(3)  The  calculation  of  the  supplement  interfacial  or  normal  an^es  for  the  several  forms 
may  be  accomplished  as  follows: 

Trisoctakedron,  —  The  an^es  A  and  B  are,  as  before,  the  supplements  of  the  interfacial 
an^es  of  the  edges  lettered  as  m  Fig.  110. 

cos  A  =8  ^,.  .   ^t  cos  B 


2A*  -f  i* ' 


2k*  +  Z« 


For  the  tetragonal^risteirahedrim  (Fig.  149),    cos  B  =  ^.,  ,  p- 

Trapezohedran  (Fig.  113).    B  and  C  are  the  supplement  angles  of  the  edges  as  lettered  in 
the  figure. 

n      _^_.  n      2^  +  P 


For  the  trtgonal^iristeirakedron  (Fig.  150), 
TOrahexahedron  (Fig.  104). 

cos  A  =s 


h* 


A*-f  ik»' 


cos  B  = 


cos  C 


/t«-2Z' 

A«-f  2P 

2hk 

h*  +  k*' 
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For  the  pyrUohedron(Fig.  129),  oos  A 

Hexoctahedron  (Fig.  122). 

.  h*  +  2kl    ,  J. 

««A-^,^^^p,       cobB 

For  the  diploid  (Fig.  135),        oos  A 

For  the  hextetrahedron  (Fig.  151), 


oosC 


oosC 


A«  +  ifc«  -  ^«. 
A»-f  **  +  ?' 

fe'  -  fe«  +  P  p 

^« +  *»  +  ?'    ^ 


cosB 


hk 

A«  +  ft» 
2Wb  +  P 

^»  +  A«  +  P' 
A^  +  ^A  +  Aib 

/i«  +  *•  +  P 
A»-2« 

A*  -f  ifc»  +  p 
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88.  To  determine  the  indices  of  any  face  (hkl)  of  an  isometric  form,  given  the  posi- 
tion of  its  pole  on  the  stereographic  projection.  As  an  illustrative  example  of  this  problem 
the  hexoctahedron  (321)  has  been  taken.    It  is  assumed  that  the  angles  100  A  321  »  36°  42' 
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and  111  A  321  »  22^  12'  are  given.  The  methods  by  which  the  desired  pole  is  located 
from  these  measurements  have  been  described  on  page  38  and  are  illustrated  in  Fig.  163. 
Havinglocated  the  pole  (hkl)  a  line  is  drawn  throu^  it  from  the  center  O  of  the  projec- 
tion. This  line  0-P  represents  the  intersection  with' the  horizontal  plane  (which  is  the 
plane  of  the  horizontal  crystal  axes,  a  and  b)  of  a  plane  which  is  normal  to  the  cr>[stal  face 
(hkl).  Since  two  planes  which  are  at  right  angles  to  each  other  will  intersect  a  third  plane 
in  lines  that  are  at  right  angles  to  each  other,  it  follows  that  the  plane  of  the  hexocta^edral 
face  will  intersect  the  plane  of  the  horizontal  axes  in  a  line  at  right  angles  to  0-P.  If, 
therefore,  the  distance  0-M  be  taken  as  representing  unity  on  the  a  axis  and  the  line 
M-P-N  pe  drawn  at  right  angles  to  0-P  the  distance  0-N  will  represent  the  intercept  of 
the  face  in  question  upon  the  h  axis.  0-N  is  found  in  this  case  to  be  |  O^M  in  value. 
The  intercepts  upon  tne  two  horizontal  axes  are,  therefore  la,  }&.  The  plotting  of  the 
intercept  upon  the  c  axis  is  shown  iji  the  upper  left  hand  quadrant  of  the  figure.  The 
angular  distance  from  O  to  the  pole  {hkl)  is  measiured  by  the  stereog^phic  protractor  as 
74^  30'.  This  angle  is  then  laid  ofif  from  the  line  representing  the  c  axis  and  tne  line  repre- 
senting the  pole  {hkl)  is  drawn.  The  distance  0-P.  is  transferred  from  the  lower  part  of 
the  figure.  Then  we  cigi  construct  the  rieht  triangle^  the  vertical  side  of  which  is  the 
c  axis,  the  horizontal  side  is  this  line  0-P  (tne  intersection  of  the  plane  which  is  normal  to 
the  crystal  face  with  the  horizontal  plane)  and  the  hypothenuse  is  a  line  lying  in  Uie  face 
and  therefore  at  right  angles  to  the  pole  of  the  face.  This  line  would  intersect  the  c  axis 
at  a  distance  equal  to  30-M.  The  same  relation  mav  be  shown  by  starting  this  last  line 
from  a  point  on  the  e  axis  which  is  at  a  distance  from  the  center  of  the  fi^re  equal  to  0-M, 
In  this  case  the  intercept  on  the  horizontal  line  0-P  would  be  at  one  third  its  total  length. 
By  these  constructions  the  parameters  of  the  face  in  question  are  shown  to  be  la,  |6,  3Cy 
giving  (321)  as  its  indices. 


84.  To  detennlne  the  indices  of  the  faces  of  isometric  forms,  riven  the  positioiis  of 
their  poles  on  the  gnomonic  projection.  —  As  an  illustrative  example  of  thisproblem  the 
lower  riffht  hand  quadrant  of  the  gnomonic  projection  d  isometnc  forms.  Fig.  126,  has 
been  taken  and  reproduced  in  Fig.  164.  The  lines  0-M  and  0-N  are  at  right  angles  to 
each  other  and  may  represent  the  norizontal  crystallographic  axes  ay  and  a«.  If  from  each 
pole  of  the  projection  Ones  are  drawn  percNendicular  to  these  two  axial  directions  it  will  be 
Been  that  the  intercepts  made  upon  these  lines  have  rational  relations  to  each  other.    And 


76 


CRTSTALLOQRAPHT 


since  we  are  dealing  with  the  isometric  system  in  which  the  cr3r8taUoKraphic  axes  are  all 
alike  and  interchanj^eable  with  each  other,  it  follows  that  the  different  intercepts  upon 
O-M  and  0-N  are  identical.  The  distance  0-R  (i.e.  the  distance  from  the  center  to  the 
45**  point  of  the  projection)  must  eoual  the  unit  length  of  the  axes.  That  this  is  true  is 
readily  seen  by  the  consideration  of  Fig.  165.  The  intercepts  of  the  lines  drawn  from  the 
different  poles  to  the  lines  O-M  and  Q-N  are  found  to  be  i,  ),  },  l^  i,  2  and  3  times  this 
unit  distimoe.    To  find  the  Miller  indices  of  any  face  represented,  it  is  only  necessary  to 
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take  the  int^tsepts  of  tike  two  lines  drawn  from  its  pole  upon  the  two  axes  ai  and  oi,  place 
these  numbers  m  their  proper  order  and  add  a  1  as  a  third  fi^re  and  then  if  necessary 
clear  of  fractions.  Take  for  exiAnple  the  hexoctahedron  face  with  indices  312.  The  lines 
drawn  from  its  pole  intercept  the  axes  at  |ai  and  iot,  which  gives  the  expression  ]  }  1>  which, 
again,  on  clearing  of  fractions,  yields  312,  the  indices  of  the  face  in  question.  In  the  case 
of  a  lace  parallel  to  the  vertical  axis,  the  pole  of  which  lies  at  infinity  on  the  gnomonic 
projection,  the  indices  may  be  obtained  by  taking  any  point  on  the  radial  line  that  points 
to  the  position  of  the  pole  and  dropping  perpendiculars  to  the  lines  representing  the  two 
borixontal  axes.  The  relative  intercepts  formed  upon  these  axes  will  give  the  first  two 
numbers  of  the  required  indices  while  the  third  number  will  necessarily  be  0> 
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II.  TETRAGONAL  SYSTEM 

86-  The  Tetragonal  System  includes  all  the  forms  which  are  referred 
to  three  axes  at  right  angles  to  each  other  of  which  the  two  horizontal  axes 
are  equal  to  each  other  in  length  and  interchangeable  and  the  third,  the 
vertical  axis,  is  either  shorter  or  longer.  The  horizontal  axes  are  desig- 
nated by  the  letter  a;  the  vertical  axis  by  c  (see  Fig.  166).  The  length  of 
the  vertical  axis  expresses  properly  the  axial  ratio  of  a  :  c,  a  being  uniformly 
taken  as  equal  to  unity.  The  axes  are  orientated  and  their  opposite  ends 
designated  by  plus  and  minus  signs  exactly  as  in  the  case  of  the  Isometric 
System. 

Seven  classes  are  embraced  in  this  system.  Of  these  the  normal  class  is 
common  and  important  among  minerals;  two  others  have  several  represen- 
tatives, and  another  a  single  one  only.  It  may  be  noted  that  in  four  of  the 
classes  the  vertical  axis  is  an  axis  of  tetragonal  synmietry;  in  the  remaining 
three  it  is  an  axis  of  binary  symmetry  only. 

1.  NORMAL  CLASS  (6).    ZIRCON  TYPE 

{Ditetragonal  Bipyramidal  or  Holohedral  Class) 

86.  Symmetry.  —  The  forms  belonging  to  the  normal  class  of  the 
tetragonal  system  (cf.  Figs.  170  to  192)  have  one  principal  axis  of  tetragonal 
symmetry  (whence  name  of  the  system)  which  coincides  with  the  vertical 
crystallographic  axis,  c.  There  are  also  four  horizontal  axes  of  binary  sym- 
metry, two  of  which  coincide  with  the  horizontal  crystallographic  axes 
while  the  other  two  are  diagonal  axes  bisecting  the  angles  between  the  first 
two. 
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Axes  of  Tetragonal  Mineral, 
Octahedrite  a  :  c  «  1 : 1'78 


Symmetry  of  Normal  Class 
Tetragonal  System 


Further  they  have  one  principal  plane  of  symmetry,  the  plane  of  the 
horizontal  crystallographic  axes.  There  are  also  four  vertical  planes  of 
symmetry  which  pass  through  the  vertical  crystallographic  axis  c  and  make 
angles  of  45°  with  each  other.  Two  of  these  latter  planes  include  the  hori- 
zontal crystallographic  axes  and  are  known  as  axial  planes  of  symmetry. 
The  other  two  are  known  as  diagQnal  planes  of  sjonmetry. 
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The  axes  and  planes  of  symmetry  are  shown  in  Figs.  168  and  169. 

The  symmetry  and  the  distribution  of  the  faces  of  the  general  form,  hkl, 
is  shown  in  the  stereographic  projection,  Fig.  167. 

87.  Forms.  —  The  various  possible  forms  under  the  normal  class  of 
this  system  are  as  follows: 

Symbok 

1.  Base  or  basal  pinacoid (001) 

2.  Prism  of  the  first  order (110) 

3.  Prism  of  the  second  order (100) 

4.  Ditetragonal  prism (AAO)  as,  (310);   (210);""  (320),  etc 

5.  Pyramid  of  the  first  order (hkl)  as,  (223);    (111);  (221),etc. 

6.  Pyramid  of  the  second  order (fcOI)  as,  (203);   (101);  (201),  etc. 

7.  Ditetragonal  pyramid (hkl)  as,  (421);   (321);   (122),  etc. 
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Symmetry  of  Normal  Class,  Tetragonal  System 

88.  Base  or  Basal  Pinacoid.  —  The  base  is  that  form  which  includes 
the  two  similar  faces  which  are  parallel  to  the  plane  of  the  horizontal  axes. 
These  faces  have  the  indices  001  and  OOT  respectively;  it  is  an  "open  form," 
as  tbey  do  not  inclose  a  space,  consequently  this  form  can  occur  only  in  com- 
bination with  other  forms.  Cf.  Figs.  170-173,  etc.  This  form  is  always 
lettered  c  in  this  work. 


170 


171 


ITS 


l^i    i"».^ 

on 

- 

J—!— 

-^ 

Rrst  Ord^  Pnain 


Second  Order  Prism 


-  Prisms,  in  systems  other  than  the  isometric,  have  been 
defined  to  be  forms  whose  faces  are  parallel  to  the  vertical  axis  (c)  of  the 
crystal,  while  they  meet  the  two  horizontal  axes;  in  this  system  the  four- 
faoed  form  whose  planes  are  parallel  both  to  the  vertical  and  one  horizontal 
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axis  is  also  called  a  prism.    There  are  hence  three  types  of  prisms  here 
included. 

90.  Prism  of  First  Order.  —  The  prism  of  the  first  order  includes  the 
four  faces  which,  while  parallel  to  the  vertical  axis,  meet  the  horizontal 
axes  at  equal  distances;  its  general  symbol  is  consequently  (110).  It  is  a 
square  prism,  with  interfacial  angles  of  90°.  It  is  shown  in  combination  with 
the  base  in  Pig.  170.  It  is  uniformly  designated  b.y  the  letter  m.  The  in- 
dices of  its  faces,  taken  in  order,  are  110,  IlO,  TTO,  lIO. 

91.  Priiim  of  Second  Order.  —  The  prism  of  the  second  order  shown* 
in  combination  with  the  base  in  Fig.  171  includes  the  four  faces  which  are 
parallel  at  once  to  the  vertical  and  to  a  horizontal  axis;  it  has,  therefore,  the 
general  symbol  (100).  It  is  a  square  prism  with  an  angle  between  any  two 
adjacent  faces  of  90°.  It  is  uniformly  designated  by  the  letter  a,  and  its 
faces,  taken  in  order,  have  the  indices  100,  010,  TOO,  OTO. 

It  will  be  seen  that  the  combination  of  this  form  with  the  base  is  the 
analogue  of  the  cube  of  the  isometric  system. 

The  faces  of  the  prism  of  the  first  order  truncate  the  edges  of  the  prism 
of  the  second  order  and  vice  versa.  When  both  are  equally  developed,  as  in 
Fig.  172,  the  result  is  a  regular  eight-sided  prism,  which,  however,  it  must 
be  remembered,  is  a  combination  of  two  distinct  forms. 

It  is  evident  that  the  two  prisms  described  do  not  differ  geometrically 
from  one  another,  and  furthermore,  in  a  given  case,  the  S3rmmetry  of  this 
class  aUows  either  to  be  made  the  first  order,  and  the  other  the  second  order, 
piism  according  to  the  position  assumed  for  the  horizontal  axes.  If  on  crys- 
tals of  a  given  species  both  forms  occur  together  equally  developed  (or,  on 
the  other  hand,  separately  on  different  crystals)  and  without  other  faces 
than  the  base,  there  is  no  means  of  telling  them  apart  unless  by  minor  char- 
acteristics, such  as  striations  or  other  markings  on  the 
surface,  etchings,  etc. 

92.  Ditetragonal  Prism.  —  The  ditetragorud  prism  is 
the  form  which  is  boimded  by  eight  similar  faces,  each  one 
of  which  is  parallel  to  the  vertical  axis  while  meeting  the 
two  horizontal  axes  at  unequal  distances.  It  has  the  general 
symbol  (hkO).  It  is  shown  in  Fig.  173,  where  (hkO)  =  (210). 
The  succ^sive  faces  have  here  the  indices  210,  120,  T20, 
210,  2T0,  120,  120,  2T0. 

In  Fig.  185  a  combination  is  shown  of  this  fprm  (y  =  310) 
with  the  second  order  prism,  the  edges  of  which  it  bevels. 
In  Fig.  189  (A  =  210)  it  bevels  the  edges  of  the  first  order  

prism  m.     In  Fig.  190  (l  =  310)  it  is  combined  with  both  Ditetragonal  Prism 
orders  of  prisms. 

93.  F^amids.  —  There  are  three  types  of  pyramids  in  this  class,  cor- 
r^ponding,  respectively,  to  the  three  prisms  which  have  just  been  described. 


-ao 


*  In  FiffB.  170-173  the  dimensions  of  the  form  are  made  to  correspond  to  the  assumed 
length  of  the  vertical  axis  (here  c  =  1  "78  as  in  octahedrite)  used  in  fIk.  177.  It  must  be 
noted,  however,  that  in  the  case  of  actual  crystals  of  these  forms,  while  the  tetragonal 
symmetry  is  usually  indicated  by  the  unlike  physical  character  of  tne  face  c  as  compared 
with  the  faces  a,  m,  etc.,  in  the  vertical  prismatic  zone,  no  inference  can  be  drawn  as  to  the 
rdative  len^h  of  the  vertical  axis.  This  last  can  be  determined  only  when  a  p3rramid  is 
present;  it  is  fixed  for  the  species  when  a  particular  pyramid  is  chosen  as  fundamental  or 
unit  form,  as  explained  later. 
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As  already  stated,  the  name  pyramid  is  given  (in  systems  other  than  the  iso- 
metric) to  a  form  whose  planes  meet  aU  three  of  the  axes;  in  this  system 
the  form  whose  planes  meet  the  axis  c  and  one  horizontal  axis  while  parallel 
to  the  other  is  also  called  a  pyramid.  The  pyramids  of  this  class  are  strictly 
double  pyramids  {bipyramids  of  some  authors) . 

91.  Pyramid  of  First  Order.  —  A  pyramid  of  the  first  order,  is  a  form 
whose  eight  similar  faces  intersect  the  two  horizontal  axes  at  equal  distances 
and  also  intersect  the  vertical  axis.  It  has  the  general  symbol  (kht).  It  is 
a  sqitare  pyramid  with  equal  interfacial  angles  over  the  terminal  edges,  and 
the  faces  replace  the  horizontal,  or  basal,  edges  of  the  first  order  prism  and 
the  sohd  angles  of  the  second  order  prism.  If  the  ratio  of  the  vertical  to  the 
horizontal  axis  for  a  given  first  order  pyramid  is  the  assumed  axial  ratio  for 
the  species,  the  form  is  called  the  fundamentai  form,  and  it  has  the  symbol 
(111)  as  in  Fig.  174,  The  indices  of  its  faces  me  oned  in  order  are:  Above 
111,  111,  111,  111;  below  111,  111,  III,  iTI. 


17i 


176 


<^K 


/^ 


H:^ 


^^ 


a,  First  Order        Apophyllite,  Second 

land  Pyramids       Order   Prism    and 

FintOrder  Pyramid 

Obviously  the  angles  of  the  first  order  pyramid,  and  hence  its  geometrical 
aspect,  vary  widely  with  the  length  of  the  vertical  axis.  In  Figs,  174  and 
182  the  pyramids  shown  have  in  both  cases  the  symbol  (111)  but  in  the  first 
case  (octahedrite)  c  =  1.78,  while  in  the  second  (vesuvianite),  c  =  0.64. 

For  a  given  species  there  may  be  a  number  of  second  order  pyramids, 
varying  in  position  according  to  the  ratio  of  the  intercepts  upon  the  vertical 
and  horizontal  axes.  Their  symbols,  passing  from  the  base  (001)  to  the  unit 
prism  (110),  may  thus  be  (115),  (113),  (223),  (111),  (332),  (221),  (441),  etc. 
In  the  general  symbol  of  these  forms  (hhl),  as  ft  diminishes,  the  form  approx- 
imates more  and  more  nearly  to  the  base  (001),  for  which  k  =  0;  as  h  in- 
creases, the  form  passes  toward  the  first  order  prism.  In  Fig.  176  two  pyra- 
mids of  this  order  are  shown,  p(ll])  and  u(331). 

96.  Pyramid  of  Second  Order.  —  The  pyramid  of  the  second  order  is 
the  form,  Fig,  178,  whose  faces  are  parallel  to  one  of  the  horizontal  axe^, 
while  meeting  tiie  other  two  axes.  The  general  symbol  is  (ftO/).  These  faces 
replace  the  basal  edges  of  the  second  order  prism  (Fig.  179),  and  the  solid 
angles  of  the  first  order  prism  (cf.  Fig.  180).  It  is  a  square  pyramid  since  its 
basal  section  is  a  square,  and  the  interfacial  angles  over  the  four  terminal 
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edges,  above  and  below,  are  equal.    The  successive  faces  of  the  form  (101) 
are  as  follows:  Above  101,  Oil,  lOl,  Oil;  below  lOT,  Oil,  ToT,  Oil. 

If  the  ratio  of  the  intercepts  on  the  horizontal  and  vertical  axes  is  the 
assumed  axial  ratio  of  the  species,  the  symbol  is  (101),  and  the  form  is  desig- 
nated by  the  letter  e.  This  ratio  can  be  deduced  from  the  measurement  of 
either  one  of  the  interfacial  togles  (y  or  Zj  Fig.  178)  over  the  terminal  or  basal 
edges,  as  explained  later.    In  the  case  of  a  given  species,  a  number  of  second 
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Second  Order 
Pyramid 


Second  Order  Prism 
and  Pyramid 


Rutile,  First  and  Second 
Order  Prisms  and  Pyra- 
mids 


order  pyramids  may  occur,  varying  in  the  ratio  of  the  axes  a  and  c.  Hence 
there  is  possible  a  large  number  of  such  forms  whose  symbols  may  be,  for 
example,  (104),  (103),  (102),  (101),  (302),  (201),  (301),  etc.  Those  men- 
tioned  first  come  nearest  to  the  base  (001),  those  last  to  the  second  order 
prism  (100);  the  base  is  therefore  the  limit  of  these  pyramids  (ftOZ)  when 
/i  =  0,  and  the  second  order  prism  (100)  when  A  =  1  and  i  =  0.  Kg.  186 
shows  the  three  second  order  pyramids  u(105),  c(lOl),  g(201). 
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Vesuvianite  v 
First  Order  Prism, 
Pyramid  and  Base 


Vesuvianite 

First  Order  Pyramid  and 

First  and  Scond  Order 

Prisms 


Cassiterite 

First  and  Second  Order 

Pyramids 


A  second  order  pyramid  truncating  the  pyramidal  edges  of  a  given  first 
order  pyramid  as  in  Fig.  183  has  the  same  ratio  as  it  for  h  to  L  Thus  (101) 
truncates  the  terminal  edge  of  (111);  (201)  of  (221),  etc.  This  is  obvious 
because  each  face  has  the  same  position  as  the  corresponding  edge  of  the 
other  form  (see  Fig.  183,  when  s  =  111  and  6  =  101;  also  Figs.  186,  191, 
where  r  =  115,  M  =  105).  Again,  if  a  first  order  pyramid  truncates  the 
pyramidal  edges  of  a  given  second  order  pyramid,  its  ratio  for  A  to  J  is  half 
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that  of  the  other  form;  that  is,  (112)  truncates  the  pyramidal  edgee  of  (101); 
(111)  of  (201),  etc.  This  relation  is  exhibited  by  Fig.  186,  where  p(lll) 
truncates  the  edges  of  9(201).  In  both  cases  the  zonal  equations  prove  l^e 
relations  stated. 
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Vesuvianite 
First  and   Second  Order 
Priams,  Firat  Order  Pyr- 
amid and  Base 


ApophvUite 

Second  Order  Prism,  Dite- 

tr&RDnal    Prism,    First 

Ordet  Pyramid  and  Base 


Octabedrite 
Two   Fimt   Order    Pyra- 
mids, First  Order  Pnsm, 
Three     Second    Order 
pyramidB  and  Base 


96.  Ditetragonal  Pyramid.  —  The  diletragonal  pjframid,  or  double  eight- 
sided  pyramid,  is  the  form  each  of  whose  sixteen  similar  faces  meets  the 
three  axes  at  unequal  distances.  This  is  the  most  general  case  of  the  symbol 
(kkl),  where  k,  k,  I  are  all  unequal  and  no  one  is  equal  to  0.  That  there  are 
sixteen  faces  in  a  single  form  is  evident.  Thus,  for  example,  for  the  form 
(212)  the  face  212  is  similar  to  122,  the  two  lateral  axes  being  equal  (not, 
however,  to  221).  Hence  there  are  two  like  faces  in  each  octant.  Similarly 
the  indices  of  all  the  faces  in  the  successive  octants  are,  therefore,  as  follows: 

Above    212     122     122    3l2    5T2    T52     l52    212 
Below    215    1^    125    5l5    215    T55    l55    2T5 


Ditetragonal  Pyramid 


First  and  Second  Order 
Prisms,  Firat  Order 
Pyramid,  Ditetrog- 
onal  Pyramid 


This  form  is  c 

It  is  shown  i 


with  the  species  zircon,  and  is  hence  often  called  a 
Fig.  187-     It  is  not  observed  alone,  though  some- 
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times,  as  in  Figs.  188  (x  =  311)  and  189  (z  =  321),  it  is  the  predominating 
form.  In  Fig.  190  two  ditetragonal  pyramids  occur,  namely,  /(313)  and 
2(321). 

97.  In  addition  to  the  perspective  6^rcs  already 
given,  a  basal  projection  (fig.  191)  is  added  of 
the  crystal  of  octahedrite  already  referred  to  (Fi^. 
186) ;  also  a  stereographic  (Fig.  192)  and  gnomomc 
(Fig.  193)  projections  of  the  same  with  the  faces  of 
the  forms  t£'(221)  and  f(313)  added.  These  exhibit 
well  the  general  relations  of  this  normal  class  of  the 
tetragonal  system.  The  83rmmetry  here  is  to  be 
noted,  first,  with  respect  to  the  similar  zones  100, 
001,  Too  and  010,  001,  OTO;  also,  to  the  other  pair  of 
similar  xones,  110,  001,  IIO,  and  lIO,  001,  IlO. 


Octahedrite 


Stereographic  Projection  of  Octahedrite 
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Gnomonic  Projection  of  Octahedrite 

2.  HEMIMORPHIC  CLASS   (7). 
lODOSUCCINIMIDE  TYPE 

{Diietragonal  Pyramidal  or  Holohedral 
Hemimorphic  Claas) 

98.  Symmetry.  —  This  class  differs  from 
the  normal  class  only  in  having  no  horizontal 
plane  of  s)rmmetry ;  hence  the  forms  are  hemi- 
morphic as  defined  in  Art.  29.  It  is  not  known 
to  be  represented  among  minerals,  but  is  shown 
on  the  crystals  of  iodosuccinimide.    Its  sym- 

Symmetry  of  Hemimorphic  Class     ^^^TV  ^^^"^^I^^  ^^  **it  stereographic  pro- 
•^  ^  jection  (Fig.  194).    Here  the  two  basal  planes 

are  distinct  forms,  001  and  OOT;  the  prisms  do  not  differ  geometrically  from 
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those  of  the  nonnal  class,  though  distinguished  by  their  moleciuar  structure; 
further,  the  pyramids  are  no  longer  double  pyramids,  but  each  form  is  rep- 
resented by  one  half  of  Figs.  174,  178,  187  (cf.  Fig.  44,  p.  22).  There  are 
hence  six  distinct  p3rramiaal  forms,  corresponding  to  the  upper  and  lower 
halves  of  the  first  and  second  order  pyramids  and  the  ditetragonal  pyramid. 

3.  TRIPYRAMIDAL  CLASS  (8).    SCHEELITE  TYPE. 
(Tetragonal  Bipyramidal  or  Pyramidal  Hemihedral  CUlss) 

99.  Typical  Forms  and  Symmetry.  —  The  forms  here  included  have 
one  plane  of  symmetry  only,  that  of  the  horizontal  cr^'stallographic  axes, 
and  one  axis  of  tetragonal  synmietry  (the  vertical  crystallographic  axis) 
normal  to  it.  The  distinctive  forms  are  the  tetragonal  prism  {hkff)  and 
pyramid  (hkl)  of  the  third  order,  shown  in  Figs.  196,  197. 

The  stereographic  projection.  Fig.  195, 
exhibits  the  symmetry  of  the  class  and  the 
distribution  of  the  faces  of  the  general  form 
(hkl).  Comparing  this,  as  well  as  the  figures 
immediately  following,  with  those  of  the  nor- 
mal class,  it  is  seen  t&t  this  class  differs  from 
it  m  the  absence  of  the  vertical  planes  of  s)rm- 
metry  and  the  horizontal  axes  of  symmetry. 

100.  Prism  and  Pyramid  of  the  Third 
Onte:.  —  The  typical  forms  of  the  class, 
as  above  stated,  are  a  square  prism  and  a 
square  pyramid,  which  are  distinguished 
respectively  from  the  square  prisms  a(lOO) 
and  m(llO),  shown  in  Figs.  170  and  171,  and 
from  the  square  pyramids   (hOl)   and  (Ud) 
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Synunetry  of  Tri-IVramidal  Class 


of  Figs.  174  and  178  by  the  name  "  third  order  J' 

197 
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ao 


uo 


Third  Order  Prism 


Third  Order  Pyramid 


The  third  order  prism  and  pyramid  may  be  considered  as  derived  from 
the  ditetragonal  forms  of  the  normal  class  by  taking  only  one  half  the  faces 
of  the  latter  and  the  omission  of  the  remaining  faces.  There  are  therefore 
two  complementary  forms  in  each  case,  designated  left  and  right,  which 
together  include  all  the  faces  of  the  ditetragonal  prism  (Fig.  173)  and  dite- 
tragonal pyramid  (Fig.  187)  of  the  normal  class. 
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.  The  indiceB  of  the  faces  of  the  two  complementary  prisms,  as  (210),  axe: 
L^t:      210,    T20,    2T0,     ]2o. 
Right:     120,     210,     120,     2l0. 

The  indices  of  the  facee  of  the  corresponding  pyramids,  as  (212),  are: 
Uft:     above  212,   122,   212,    l22;    below  2l3,    123,   2p,    l22. 
Right:  above  122,   2l2,  T22,  2l2;     below  122,   2l2,    122,   2l2. 

Fig.  198  ^vee  a  transverse  section  of  the  prisms  a(lOO)  and  m(llO),  also 
the  prism  of  the  thiid  order  (120).  Figs.  196,  197  show  the  right  prism  (120) 
and  pyramid  (122)  of  the  third  order. 

101,  Other  Forms.  —  The  other  forms  of  this  class,  tljat  b,  the  base 
c(OOl);  the  other  square  prisms,  a(lOO)  and  m(llO);  also  the  square  pyra- 
mids (AGO  and  (hAO  are  geometrically  hke  the  corresponding  forms  of  the 
normal  class  already  described.  The  class  shows  therefore  three  types  of 
square  pyramids  and  hence  is  called  the  tripyramukil  xtaaa. 

102.  To  this  class  belongs  the  important  species  scheelite;  also  the 
isomorphous  species  stolzite  and  powellite,  unless  it  be  that  they  are  rather 
to  be  classed  with  wulfenite  (p.  87).     Fig.  199  shows  a  typical  crystal  of 


Schedite 


Scheelite 


Meionite 


scheelite,  and  Fig.  200  a  basal  section  of  one  similar;  these  illustrate  well  the 
characteristics  of  the  class.  Here  the  forms  are  e(lOl),  p(lll),  and  the 
third-order  pyramids  5(212),  s/lSl).  Fig.  201  represents  a  meionite  crystal 
with  r(lll),  and  the  third-order  pyramid  «(311).  See  also  Figs.  203,  204,  in 
which  the  third-order  prism  is  shown. 

The  forme  of  this  class  are  sometimes  described  (see  Art.  28)  as  showing 
pyramidal  hemihedriam. 

4.  PYRAMIDAI^HEMIMORPHIC  CLASS  (9).    WULFENITE  TYPE 

{Tdragonal  Pyramidal  or  Hemikedrol  Hemimorphic  Class) 

103.  Symmetry.  —  The  fourth  class  of  the  tetragonal  system  is  closely 
related  to  the  class  just  described.  It  has  the  same  vertical  axis  of  tetrag- 
onal symmetry,  but  there  is  no  horizontal  plane  of  symmetry.  The  forms 
are,  therefore,  hemimorphic  in  the  distribution  of  the  faces  (cf.  Fig.  202). 
The  species  wulfenite  of  the  Scheelite  Group  among  mineral  species  prob- 
ably belongs  here,  although  the  crystals  do  not  always  show  the  difference 
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between  the  pyramidal  faces,  above  and  below,  which  would  characteme 
distinct  complementary  forms.  Figs.  203,  204  could,  therefore,  serve  as 
illustrations  of  the  preceding  class,  but  in 
Fig.  205  a  characteristic  distinction  is  exhib- 
ited. In  these  figures  the  forms  are  ti(102), 
e(lOl),  n(lll);  also/(230),  fc(210).  ^(432), 
a:(311). 


* 


5.  SPHENOIDAL  CLASS  (10). 
CHALCOPYRITE  TYPE 

{Tetragonal   Sphenoidal,  Sphenoidal 
Hemihedral  or  Scalenohedral  Class) 


I 


->,i-"" 


I 

I 
I 


t 


104.    Typical  Forms  and   Symmetry.  — 

The  typical  forms  of  this  class  are  the 
sphenoid  (Fig.  207)  and  the  tetragonal  sca- 
lenohedron  (Fig.  208).  They  and  all  the 
combinations   of  this    class    show  the   following   symmetry.       The   three 


Symmetry  of  P^amidal-Hemi- 
morphic  Class 
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Wulfenite 

crystallographic  axes   are  axes  of  binary  symmetry   and  there   are    two 

vertical  diagonal  planes  of  symmetry. 

This  symmetry  is  exhibited  in  the  stereo- 
graphic  projection  (Fig.  206),  which  shows 
also  the  distribution  of  the  faces  of  the  gen- 
eral form  (hkl).  It  is  seen  here  that  the  faces 
are  present  in  the  alternate  octants  only,  and 
it  will  be  remembered  that  this  same  state- 
ment was  made  of  the  tetrahedral  class  under 

^  ^.^j^  i^      the  isometric  system.    There  is  hence  a  close 

^  y^  -^     analogy  between  these  two  classes.    The  sym- 

metry of  this  class  should  be  carefully  compared 
with  that  of  the  first  and  third  classes  of  this 
system  already  described. 

106.  Sphenoid.  —  The  sphenoid^  shown  in 
Fig.  207,  is  a  four-fac6d  solid,  resembling 
a  tetrahedron,  but  each  face  is  an  isosceles 
(not  an  equilateral)  triangle.    It  may  h6  consid- 
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ered  as  derived  from  the  first  order  pyramid  of  the  normal  class  by  the 
development  of  only  the  alternate  faces  of  the  latter.  There  are  therefore 
possible  two  complementary  forms  known  as  the  positive  and  n^ative 
sphenoids.  The  general  sjrmbol  of^the^pgsitije  unit  sphenoid  is  (111),  and 
its  faces  have  the  indices:  111,  III,  III,  ill,  while  the  negative  sphenoid 
has  the  symbol  (ill).  When  the  complementary  forms  occur  together,  if 
equally  developed,  the  resulting  solid,  though  having  two  unlike  sets  of  faces, 
cannot  be  distinguished  geometrically  from  the  first  order  pyramid  (111). 

206 


Sphenoid 


Tetragonal  Scalenohedron 


In  the  species  chalcopyrite,  which  belongs  to  this  class,  the  deviation  in 
angle  and  in  axial  ratio  from  the  isometric  system  is  very  small,  and  hence 
the  unit  sphenoid  cannot  by  the  eye  be  distinguished  from  a  tetrahedron 
(compare  Fig.  209  with  Fig.  144,  p.  68).  For  this  species  c  =  0*985  (instead 
of  1,  as  in  the  isometric  system),  and  the  normal  sphenoidal  angle  is  108^  40^, 
instead  of  109^  28^  the  angle  of  the  tetrahedron.  Hence  a  crystal  of  chal- 
copyrite with  both  the  positive  and  negative  sphenoids  equally  developed 
closely  resembles  a  regular  octahedron. 

In  Fig.  210  the  second  order  pyramids  e(lOl)  and  ^(201)  and  base  c(001) 
are  also  present. 


210 


211 


Chaloopyrite 

106.  Tetragonal  Scalenohedron.  —  The  sphenoidal  symmetry  yields 
another  distinct  type  of  form,  that  shown  in  Fig.  208.  It  is  bounded  by 
eight  similar  scalene  triangles,  and  hence  is  called  a  tetragonal  scalenohedron; 
the  general  symbol  is  {hkl).  It  may  be  considered  as  derived  from  the 
ditetragf^al  pyramid  of  the  normal  class  by  taking  the  alternate  pairs  of 
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faces  of  the  latter  form.  The  faces  of  the  complementary  positive  and  nega- 
tive forms  therefore  embrace  all  the  faces  of  the  ditetragonal  pyramid.  This 
form  appears  in  combination  in  chalcopyrite,  but  is  not  observed  inde- 
pendently. In  Fig.  211  the  form  8(531)  is  the  positive  tetragonal  scaleno- 
hedron. 

107.  Other  Forms.  —  The  other  forms  of  the  class,  namely,  the  first  and 
second  order  prisms,,  the  ditetragonal  prism,  and  the  first  and  second  order 
pyramids  (hhl)  and  (AOQ,  are  geometrically  like  those  of  the  normal  class. 
The  lower  symmetry  in  the  molecular  structure  is  onlv  revealed  by  special 
investigation,  as  by  etching. 

6.  TRAPEZOHEDRAL  CLASS  (11).    NICKEL  SULPHATE  TYPE 

{Tetragonal  Trapezohedral  or  Trapezohedral  Hemihedral  Clasa) 

106.  The  trapezohedral  class  is  analogous  to  the  plagiohedral  class  under 
the  isometric  system;  it  is  characterized  by  the  absence  of  any  plane  or 
center  of  symmetry;  the  vertical  axis,  however,  is  an  axis  of  tetragonal  syi:.  • 
metry,  and  perpendicular  to  this  there  are  four  axes  of  binary  symmetry. 
This  sjrmmetry  and  the  distribution  of  the  faces  of  the  general  form  (hkl) 
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Tetragonal  Trapezohedron 


are  shown  in  the  stereographic  projection,  Fig.  212,  and  Fig.  213  gives  the 
resulting  solid,  a  tetragonal  trapezohedron.  It  may  be  derived  from  the  dite- 
tragonal pyramid  of  the  normal  class  by  the  extension  of  the  alternate  faces 
of  that  form.  There  are  two  complementary  forms  called  right-  and  left- 
handed  which  embrace  all  the  faces  of  the  ditetragonal  pyramid  of  the  normal 
class.  These  two  forms  are  enantiomorphous,  and  the  salts  belonging  to 
this  class  show  circular  polarization. 

Nickel  sulphate  and  a  few  other  artificial  salts  belong  in  this  class. 

7.  TETARTOHEDRAL  CLASS   (12) 
(Tetragonal  Bisphenoidal  or  Sphenoidal  Tetartohedral  Class) 

• 

109.  Symmetry.  —  The  seventh  and  last  possible  class  under  this 
system  has  no  plane  nor  center  of  symmetry,  but  the  vertical  axis  is  an  axis 
of  binary  symmetry.    The  symmetry  and  the  distribution  of  the  faces  of  the 
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general  form  (hkl)  are  shown  in  the  stereographic  projection  (Fig.  214),  and 
the  solid  resulting  is  known  as  a  sphenoid  of  the  third  order.    It  can  be  derived 

from  the  ditetragonal  pyramid  of  the  normal 
class  by  taking  only  one  quarter  of  the  faces 
of  that  form.  There  are  therefore  four  com- 
plementary forms  which  are  respectively 
distinguished  as  right  ( +  and  —  )  and  left 
(+  and  —). .  These  four  together  embrace  all 
the  sixteen  faces  of  the  ditetragonal  pyramid. 
The  other  characteristic  forms  of  this  class 
are  the  prism  of  the  third  order  (AAO),  the 
positive  and  negative  sphenoids  of  the  first 
order  (111),  and  also  those  of  the  second 
order  (101).  It  is  said  that  an  artificial 
compound,  2CaO.Al2Os.SiO2,  crystallizes  in 
Symmetry  of  TetartohedralClasB     this  class. 

Mathematical  Rblattons  of  the  Tetragonal  STensii 

110.  Choice  of  Axes.  —  It  appears  from  the  discuasion  of  the  symmetry  of  the  Beyen 
classes  of  this  system  that  with  all  of  them  the  position  of  the  vertical  axis  is  fixed.  In 
classes  1,  2,  however,  where  there  are  two  sets  of  vertical  planes  of  symmetry,  eiUier  set 
may  be  made  the  axial  planes  and  the  other  the  diagonal  planes.  The  choice  between  Uiese 
two  possible  positions  of  the  horizontal  axes  is  glided  particularly  by  the  habit  of  the 
occurring  crystals  and  the  relations  of  the  given  species  to  others  of  similar  form.  With 
a  species  whose  crystal  characters  have  been  described  it  is  customary  to  follow  the  orien- 
tation given  in  the  original  description. 

111.  Determination  of  the  Axial  Ratio,  etc  —  The  following  relations  serve  to  connect 
the  axial  ratio,  that  is,  the  length  of  the  vertical  axis  c,  when  a  -  1,  with  Uie  fundamoital 
angles  (001  A  101)  and  (001  A  111): 


tan  (001  A  101)  -  c; 


tan  (001  A  lll)x}V^  -  c. 


For  faces  in  the  same  rectangular  sone  the  tangent  principle  applies, 
portant  cases  (cf.  Fig.  214)  are: 

tan  (001  A  hOl)      h 

tan  (001  A  101)  "  T' 

tan  (001  A  Okl)  ^k 
tan  (001  A  Oil)      T' 

tan  (001  A  hhl)  _h 


The  most  im- 


For  the  prisms 


tan  (001  A  111)      I 


tan  (010  A  WfeO)  =  ^»         or  tan  (100  A  WbO)  =  ^• 

112.  Other  Calculations.  —  It  will  be  noted  that  in  the  stereographic  projection  (Fig. 
214)  all  those  spherical  triangles  are  ri^ht-angled  which  are_ formed  by  great  circles  (diam- 
eters) which  meet  the  prismatic  zone-circle  100,  010,  lOO,  OlO.  Again,  all  those  formed  by 
great  circles  drawn  between  100  and  100,  or  010  and  OlO,  and  crossing  respectivelv  the 
zone-circles  100,  001,  lOO,  or -010,  001.  OTO.  Also,  all  those  formed  by  great  cjrcles  drawn 
between  110  and  TTO  and  crossing  the  zone-circle  IlO,  001,  iTO,  or  between  IlO  and  iTO 
and  crossing  the  zone-circle  110,  001,  TTO. 

These  spherical  triangles  may  hence  be  readily  used  to  calculate  any  angles  desired;  for 
example,  the  angles  between  the  pole  of  any  face,  as  hkl  (say  321),  and  the  pinacoids  100, 
010,  001.  The  terminal  angles  (x  and  z.  Fig.  187)  of  the  ditetragonal  pyramid,  212  A  212 
(or  313  A  3l3,  etc.),  and  J212  A  122  (or  313  A  133,  etc.),  can  also  be  obtained  in  the  same 
way.  The  zonal  relations  give  the  symbols  of  the  poles  on  the  zones  001,  100  and  001,  110 
for  the  given  case.    For  example,  the  zone-circle  llo,  313,  133,  IlO  meets  110,  001,  110  at 
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the  pole  223;  »nd  the  calculated  angle  313  A  223  is  half  the  angle  313  A  133.  If  a  large 
numD^  of  similar  angles  are  to  be  calculated,  it  is  more  convenient  to  use  a  formula,  as 
that  given  below 

ll3.  Formulas.  —  It  is  sometimes  convenient  to  have  the  normal  interfacial  angles 
expressed  directly  in  terms  of  the  axis  c  and  the  indices  h,  k,  and  L    Thus: 

(1)  The  distances  of  the  pole  of  any  face  Pihkl)  from  the  pinacoids  a  (100)  =  Pa, 
5(010)  =  P6,  c(OOl)  =  Pc  are  given  by  the  following  equations: 

«»»  Pa  =  w  >   ,    i.,^   ,   |, I      cos*  P6  =  ,,  -   ,    ,, = ;      cos*  Pc  =  rr  >.,,,.   ,> 

These  may  also  be  expressed  in  the  form 

^*P« ^^r-'     tan»  P6  ^     ^,^     ,      tan^Pc^ ^ 

(2)  For  the  distance  between  the  poles  of  any  two  faces  (hkl),  (pgr),  we  have  in  general 

PO  ^^  "^  ^^^  "^  ^^ 


The  above  equations  take  a  simpler  form  for  special  cases  often  occurring;  for  example, 

hkl  and  the  angle  of  the  edge  y  of  Fig.  187. 

114.  Prismatic  Angles.  —  The  angles  for  the  commonly  occurring  ditetragonal  prisms 

Angle  on       Angle  on 
a(lOO)  m(llO) 


are  as  follows* 

Angle  on 
a(lOO) 

Angle  on 
m(llO) 

410        14**    2J' 
310        18  26 
210        26   34 

30*  67}' 
26   34 
18   26 

630        30°67|'         14*    21' 
320        33   41}  11    18} 

430        36   62}  8     7} 

• 

116.  To  determine,  by  plotting^  the  axial  ratio,  o  :  c,  of  a  tetragonal  mineral  from  the 
stereographic  projection  of  its  crvstal  forms.  As  an  illustrative  example  it  has  been 
assumed  that  the  angles  between  the  faces  on  the  crystal  of  rutile,  represented  m  Fig  180, 
have  been  measured  and  from  these  measurements  the  poles  of  the  faces  in  one  octant 
located  on  the  stereographic  projection,  see  Fig.  216.  In  determining  the  axial  ratio  of  a 
tetragonal  crystal  (or  what  is  the  same  thin^,  the  length  of  the  c  axis,  since  the  length  of 
the  a  axes  are  always  taken  as  equal  to  1)  it  is  necessary  to  assume  the  indices  of  some 
pvramidal  form.  It  is  customary  to  take  a  pyramid  which  is  prominent  upon  the  crystab 
of  the  mineral  and  assume  that  it  is  the  functamental  or  unit  pyramid  of  cither  the  first  or 
second  order  and  has  as  its  symbol  either  (111)  or  (101).  In  the  example  chosen  both  a 
first  order  and  a  second  order  pyramid  are  present  and  from  their  zonal  relations  it  is  evi- 
dent that  if  the  symbol  assigned  to  the  first  order  form  be  (111)  that  of  the  second  order 
form  must  be  (101),  In  order  to  determine  the  relative  length  of  the  c  axis  in  respect  to 
the  length  of  the  a  axis  for  rutile  therefore,  it  is  only  necessarv  to  plot  the  intercept  of 
either  of  these  forms  upon  the  axes.  In  the  case  of  the  second,  order  pyramid  it  is  only 
necessary  to  construct  a  right  angle  triangle  (see  upper  left  hand  quadrant  of  Fig.  216)  in 
Tvhich  the  horizontal  side  shall  equal  the  length  of  the  a  axis,  (1),  the  vertical  side  shall 
represent  the  c  axis  and  the  hypothenuse  shall  show  the  proper  angle  of  slope  of  the  face. 
The  angle  between  the  center  of  the  projection  and  the  pole  c(lOl)  is  measured  by  the 
stereogrsiphic  protractor  and  a  line  drawn  making  that  angle  with  the  line  representing  the 
c  axis.  The  hypothenuse  of  the  triangle  must  then  be  at  right  angles  to  this  pole.  Its 
intercept  upon  the  vertical  side  of  the  trian^e,  when  expre^ied  in  relation  to  the  distance 
(0-M)  which  was  chosen  as  representing  unity  on  the  a  axis,  will  therefore  give  the  length 
of  the  c  axis.     In  rutile  this  is  found  to  be  0.644. 

The  same  value  is  obtained  when  the  position  of  the  pyramid  of  the  first  order  «(111) 
is  used.  In  this  case  the  line  M-P-N  is  first  drawn  at  right  angles  to  the  radial  line  0-P 
drawn  tlurough  the  pole  8(111).  The  triangle  to  be  plotted  in  this  case  has  the  distance 
0-P  as  the  length  of  its  horizontal  side.  Its  hypothenuse  must  be  at  right  angles  to  the 
line  representing  the  pole  to  (111).  The  intercept  on  the  c  axis  is  the  same  as  in  the  first 
case. 
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116.  To  detennine,  by  plotting,  the  indices  of  any  face  jJMci)  of  a  tetragonal  form  from 
the  position  of  its  pole  on  tiie  stereographic  projection.  The  solution  of  this  problem  is 
like  that  given  in  a  similar  case  under  the* Isometric  System,  see  p.  74,  except  that  the 
intercept  of  the  face  on  the  vertical  axis  must  be  referred  to  the  established  unit  length  of 
that  axis  and  not  to  the  length  of  the  a  axis.  The  method  is  exactly  the  reverse  of  the 
one  used  in  the  problem  discussed  directly  above. 

117.  To  determine,  by  plotting,  the  axial  ratio,  o  :  c,  of  a  tetragonal  mineral  from  the 
gnomonic  projection  of  its  crystal  rorms.  As  an  illustrative  example  consider  the  crystal 
of  rutile,  Fig.  180,  the  poles  to  the  faces  of  which,  arc  shown  plotted  in  gnomonic  projec- 
tion in  Fig.  216.  The  pyramids  of  the  first  and  second  order  present  are  taken  as  the 
unit  forms  with  the  s3rmbo]s,  ^(111)  and  ^(lOl).  The  lines  O-M  and  0-N  represent  the 
two  horizontal  axes  Oi  and  Of  and  the  distance  from  the  center  O  to  the  circumference  of 
the  fundamental  circle  is  equal  to  unity  on  these  axes.  The  intercepts  on  O-M  and  0-N 
made  by  the  poles  of  e(lOl)  or  the  perpendiculars  drawn  from  the  poles  of  a(lll)  give  the 
unit  length  of  the  vertical  axis^  c.  In  this  case  this  distance,  when  expressed  in  terms  of 
the  assumed  length  of  the  horizontal  axes  (which  in  the  tetragonal  system  always  equals 
1)  is  equal  to  0.64. 

That  the  above  relation  is  true  is  -obvious  from  a  consideration  of  Fi^.  216.  This  rep- 
resents a  vertical  section  through  the  spherical  and  gnomonic  projection  including  the 
horizontal  axis,  <h.  The  slope  of  the  face  e(011)  is  plotted  with  its  intercepts  on  the  <h 
and  c  axes  and  the  position  of  its  pole  in  both  the  spnerical  and  gnomonic  projections  is 
shown.  It  is  seen  through  the  two  similar  trian^es  in  the  figure  that  the  distance  from 
the  center  to  the  pole  «(011)  in  the  gnomonic  projection  must  be  the  same  as  the  intercept 
of  the  face  e  upon  the  vertical  axis  c.    And  as  e  is  a  unit  form  this  must  represent  unity  on  c. 

118b  To  detennine,  by  plotting,  the  indices  of  any  face  of  a  tetragonal  form  from  the 
position  of  its  pole  on  the  gnomonic  projection.  It  is  assumed  that  in  this  case  a  mineral 
IS  being  considered  whose 

axial  ratio  is  known.   Un-  217 

der  these  conditions  draw 
perpendiculars  from  the 
pole  in  question  to  the 
lines  representing  the  two 
horizontal  axes.  Then 
space  off  on  these  lines 
(ustances  equivalent  to  the 
len^h  of  the  c  axis,  remem- 
benng  that  it  must  be 
expressed  in  terms  of  the 
length  of  the  horizontal 
axes  which  in  turn  is  equal 
to  the  distance  from  the 
center  of  the  projection 
to  the  circumference  of  the 
fundamental  circle.  Give 
the  intercepts  of  the  lines 
drawn  from  the  pole  of 
the  face  to  the  axes  Oi 
and  Os  in  terms  of  the 
length  of  the  vertical  axis, 
add  a  1  as  the  third  figure 
and  if  necessary  clear  of 
fractions  and  the  required 
indices  are  the  result.  This 
is  illustrated  in  Fig.  217, 
which  is  the  lower  right 
hand  quadrant  of  the  gno- 
monic projection  of  the 
forms  shown  on  the  rutile 
crystal,  Fi«.  190.  Con- 
Rider  mst  the  ditetragonal  pyramid  z(321).  Perpendiculars  drawn  from  its  pole  intersect 
the  lines  representins  the  horizontal  axes  in  distances  which  are  equal  to  3  and  2  times 
the  unit  length  of  the  c  axis,  0.64.  The  indices  of  the  face  will  therefore 
be  321.  In  the  case  of  the  ditetragonal  pyramid  /(313).  the  intercepts  are 
lai  and  io^.     This  gives  the  expression  l.i.l  which  when  cleared  ot  the  fraction  yields  313, 
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the  indices  of  the  face  in  question.  The  indices  of  a  prism  face  like  /(310)  can  be  readily 
obtained  in  exactly  the  same  manner  as  described  under  the  Isometric  System,  Art.  84. 
p.  75. 

III.   HEXAGONAL  SYSTEM 

119.  The  Hexagonal  System  includes  all  the  forms  which  are  referred 
to  four  axes,  three  equal  horizontal  axes  in  a  common  plane  intersecting  at 
angles  of  60°,  and  a  fourth,  vertical  axis,  at  right  angles  to  them. 

Two  sections  are  here  included,  each  embracing  a  number  of  distinct 
classes  related  among  themselves.  They  are  called  the  Hexagonal  Division 
and  the  Trigonal  (or  Rhombohedral)  Division.  The  symmetry  of  the  former, 
about  the  vertical  axis,  belongs  to  the  hexagonal  type,  that  of  the  latter  to 
the  trigonal  type. 

Miller  (1852)  referred  all  the  forms  of  the  hexagonal  S3rstem  to  three  equal  axes  parallel 
to  the  faces  of  the  fundamental  rhombohedron,  and  hence  intersecting  at  equal  angles,  not 
90^.  This  method  (further  explained  in  Art.  169)  had  the  disadvantage  of  failing  to  brine 
out  the  relationship  between  the  normal  hexagonal  and  tetragonal  tyi)e8y  both  characterized 
by  a  principal  axis  of  symmetry,  which  (on  the  system  adopted  in  this  book)  is  the  verticEd 
crystallosraphic  axis.  It  further  gave  different  symbols  to  faces  which  are  cj^tallo- 
graphicaUy  identical.     It  is  more  natural  to  employ  the  three  rhombohedral  axes  lor  tri- 

gonal  forms  only,  as  done  bv  Groth  (1905),  who  includes  these  groups  in  a  Trigonal  System; 
ut  this  also  has  some  disadvantages.  The  indices  commonly  used  in  describing  hexagonal 
forms  are  known  as  the  Miller-Bravais  indices,  since  thev  were  adopted  by  Bravais  for  use 
with  the  four  axes  from  the  scheme  used  by  Miller  in  the  other  crystal  systems. 

120.  Symmetry  Classes.  —  There  are  five  possible  classes  in  the  Hex- 
agonal Division.  Of  these  the  normal  class  is  much  the  most  important,  and 
two  others  are  also  of  importance  among  crystallized  minerals. 

In  the  Trigonal  Division  there  are  seven  classes;  of  these  the  rhombo- 
hedral class  or  that  of  the  Calcite  Type,  is  by  far  the  most  common,  and 
three  others  are  also  of  importance. 

121.  Axes  and  Symbols.  —  The  position  of  the  four  axes  taken  is 
shown  in  Fig.  218;  the  three  horizontal  axes  are  called  a,  since  they  are  equal 
and  interchangeable,  and  the  vertical  axis  is  c,  since  it  has  a  different  length, 

„-^  being  either  longer  or  shorter  than  the  horizontal 

axes.  The  length  of  the  vertical  axis  is  expressed 
in  terms  of  that  of  the  horizontal  axes  which  in  turn 
is  always  taken  as  unity.  Further,  when  it  is  de- 
sirable to  distinguish  between  the  horizontal  axes 
they  may  be  designated  ai,  Oa,  as.  When  properly 
orientated  one  of  the  horizontal  axes  (a«)  is  par- 
allel to  the  observer  and  the  other  two  make  angles 
of  30®  either  side  of  the  line  perpendicular  to  him. 
The  axis  to  the  left  is  taken  as  ai,  the  one  to  the 
right    as  as.     The    positive    and    negative    ends 

Hexagonal  Axes  ^^  ^^^  axes  ^ve  shown  in  Fig.  218.     The  general 

position   of  any   plane    may   be  expressed  m  a 
manner   analogous   to    that    applicable   in   the   other   systems,   viz.* 

1111 

h       k       %        I 

The  corresponding  indices  for  a  given  plane  are  then  A,  fc,  f,  Z;  these  always 
refer  to  the  axes  named  in  the  above  scheme.    Since  it  is  found  convenient 
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to  consider  the  axis  Os  as  negative  in  front  and  positive  behind,  the  general 
s3rmbol  becomes  hkil.  Further,  as  following  from  the  angular  relation  of 
the  three  horizontal  axes,  it  can  be  readily  shown  to  be  always  true  that  the 
algebraic  sum  of  the  indices  h,  k,  i,  is  equal  to  zero: 

h  +  k  +  i^O. 


219 


A.  Hexagonal  Division 

1.  NORMAL  CLASS   (13).    BERYL  TYPE 
{Dihexagonal  Bipyramidal  or  Holohedral  Class)         • 

122.  Syxnmetry.  —  Crystals  belonging  to  the  normal  class  of  the  Hex- 
agonal Division  have  one  principal  axis  of  hexagonal,  or  sixfold,  symmetry, 
which  coincides  with  the  vertical  ciystallographic  axis;  also  six  horizontal 
axes  of  binary  S3mMnetry;  three  of  these  coincide  with  the  horizontal  cry^tal- 
lographic  axes,  the  others  bisect  the  angles  between  them.  There  is  one 
principal  plane  of  symmetry  which  is  the  plane  of  the  horizontal  crystallo- 
graphic  axes  and  six  vertical  planes  of  symmetry 
which  meet  in  the  vertical  crystallographic  axis. 
Three  of  these  vertical  planes  include  the  hori- 
zontal crystallographic  axes  and  the  other  three 
bisect  the  angles  between  the  first  set. 

The  symmetry  of  this  class  is  exhibited  in  the 
accompan3ring  stereographic  projection,  Fig. 
219,  and  by  the  following  crystal  figures. 

The  ansdogy  between  this  class  and  the 
normal  class  of  the  tetragonal  system  is 
obvious  at  once  and  will  be  better  appreciated 
as  greater  familiarity  is  gained  with  the  indi- 
vidual forms  and  their  combinations. 

123.  Forms.  —  The  possible  forms  in  this 
dass  are  as  follows: 


Symmetry  of  Normal  ClasB 


1.  Base , 

2.  Prism  of  the  first  order 

3.  Prism  of  the  second  order 

4.  Dihexagonal  prism 

5.  Pyramid  of  the  first  order 

6.  Pyramid  of  the  second  order 

7.  Dihexagonal  pyramid 

In  the  above  h>  k,  and  A  +  fc  =  — i. 


MiUer-BravMB. 
(0001) 

(1010) 

(1120) 

(hktO)  as,  (2130) 

(feOSZ)as,  (lOTl);  (205l)  etc. 

(A-A-2A-0as,  ai22) 

{hkil)  as,  (2131) 


124.  _  Base.  —  The  base,  or  basal  pinacaidy  includes  the  two  faces,  0001 
and  OOOT,  parallel  to  the  plane  of  the  horizontal  axes.  It  is  imiformly  desig- 
nated by  the  letter  c;  see  Fig.  220  et  seq, 

126,  Prism  of  the  First  Order.  —  There  are  three  types  of  prisms,  or 
forms  in  which  the  faces  are  parallel  to  the  vertical  axis. 
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The  prism  of  the  first  order j  Fig.  220,  includes  six  faces,  each  one  of  which 
is  parallel  to  the  vertical  axis  and  meets  two  adjacent  horizontal  axes  at 
equal  distances,  while  it  is  parallel  to  the  third  horizontal  axis.  It  has  hence 
the  general  symbol  (lOlO)  and  is  uniformly  designated  by  the  letter  m;  the 
indices  of  its  six  faces  taken  in  order  (see  Figs.  220  and  229,  230)  are: 

lOTO,    OlTO,    IlOO,    TOlO,    OTlO,    iloo. 


221 


--1210 


•First  Order  Prism 


Second  Order  Prism 


Dihexagonal  Prism 


126.  Prism  of  the  Second  Order.  —  The  prism  of  the  second  order  ^ 
Fig.  221,  has  six  faces,  each  one  of  which  is  parallel  to  the  vertical  axis,  and 
meets  the  three  horizontal  axes,  two  alternate  axes  at  the  unit  distance,  the 
intermediate  axis  at  one-half  this  distance;  or,  which  is  the  same  thing,  it 
meets  the  last-named  axis  at  the  unit  distance,  the  others  at  double  this 
distance.*  The  general  symbol  is  (ll20)  and  it  is  uniformly  designated  by 
the  letter  a;  the  indices  of  the  six  faces  (see  Figs.  221  and  229,  230)  in  order 


are: 


ll20,     12T0,     2110,     1120,     1210,     2ll0. 


The  first  and  second  order  prisms  are  not  to  be  distinguished  geometric- 
ally from  each  other  since  each  is  a  regular  hexagonal  prism  with  normal 
interfacial  angles  of  60°.  They  are  related  to  each  other  in  the  same  way  as 
the  two  prisms  m(llO)  and  a(lOO)  of  the  tetragonal  system. 

The  relation  in  position  between  the  first  order 
prism  (and  pyramids)  on  the  one  hand  and  the 
second  order  prism  (and  pyramids)  on  the  other 
will  be  imderstood  better  from  Fig.  223,  repre- 
senting a  cross  section  of  the  two  prisms  parallel 
to  the  base  c. 

127.  Dihexagonal  Prism.  —  The  dihexagonal 
prism,  Fig.  222,  is  a  twelve-sided  prism  boimded 
by  twelve  faces,  each  one  of  which  is  parallel 
to  the  vertical  axis,  and  also  meets  two  adjacent 
horizontal  axes  at  unequal  distances,  the  ratio  of 
which  always  lies  between  1  :  1  and  1  :  2.  This 
prism  has  two  unlike  edges,  lettered  x  and  y,  as 
shown  in  Pig.  222.  The  general  symbol  is  {hktO)  and  the  indices  of  the 
faces  of  a  given  form,  as  (2130),  are: 


*  Since  \a\  :  lot :  —  Jog  :  »c  is  equivaJent  to  2ai  :  2at  :  —  loi  :  «c. 
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2l50,     1230,     1320,     2310,     3210,     5l20, 
5T30,     1230,      1320,     2310,     32l0,     3T20. 

128.  Pyramids  of  the  First  Order.  —  Corresponding  to  the  three  types 
of  prisms  just  mentioned,  there  are  three  types  of  pymmids 

A  pyramid  of  the  first  order.  Fig.  224,  is  a  double  six-eided  pyramid  (or 
bipyramid)  bounded  by  twelve  similar  triangular  faces  —  six  above  and  six 
below  —  which  have  the  same  position  relative  to  the  horizontal  axes  as  the 
faces  of  the  first  order  prism,  while  they  also  intersect  the  vertical  axis  above 
and  below.  The  general  symbol  is  hence  [hOhl).  The  faces  of  a  given  form, 
as  1011),  are: 

Above    lOTl,     0111,     TlOl,     lOll,     OTll,      lIOl. 
Below    1011,     OllT,     1101„     Ion,     OTll,      iTOl. 

On  a  given  species  there  may  be  a  number  of  pyramids  of  the  fiist  order, 
differing  in  the  ratio  of  the  intercepts  on  the  horizontal  to  the  vertical  axis, 
and  thus  forming  a  zone  between  the  base  (0001)  and  the  faces  of  the  unit 
prisD)  (lOTO).  Their  symbols,  passing  from  the  base  (0001)  to  the  unit 
prism  (lOlO),  would  be,  for  example,  10l4,  1012,  2023,  1011,  3032,  2(Sl, 
etc.  In  Fig.  228  the  faces  p  and  u  are  first  order  pyramids  and  they  have 
the  symbols  respectively  (lOll)  and  (2021),  here  c  =  0.4989.  As  shown  in 
these  cases  the  faces  of  the  first  order  pyramids  replace  the  edges  of  the  first 
order  prism.  On  the  other  hand,  they  replace  the  soUd  angles  of  the  second 
order  prism  a(ll20;. 
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129.  Pyramids  of  the  Second  Order.  —  The  pyramid  of  the  seamd  order 
(Fig.  225),  is  a  double  six-sided  pyramid  including  the  twelve  similar  faces 
which  have  the  same  position  relative  to  the  horizontal  axes  as  the  faces 
of  the  second  order  prism,  and  which  also  intersect  the  vertical  axis.  They 
have  the  general  symbol  (A  ■  A  ■  2^  ■  0-  The  indices  of  the  faces  of  the  form 
(Il22)  ate: 

Above    1122,      12T2,     2ll2,     1122,      1212,     2112. 

Below    Il22,     12T2,    2ll5,     1122,     12l2,    2112. 

The  faces  of  the  second  order  pyramid  replace  the  edges  between  the  faces 
(rf  the  second  order  prism  and^he  base.  Further,  they  replace  the  solid  angles 
irf  the  first  order  prism  m{1010).  There  may  be  on  a  smgle  crystal  a  num- 
ber of  second  order  pyramids  forming  a  zone  between  the  base  c(OOOl)  and 
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the  faces  of  the  second  order  prism  a(ll20),  as,  naming  them  in  order:  _1124, 
1122,  2243,  ll2l,  etc.    In  Fig.  227,  s  is  the  second  order  pyramid  (1121). 

130.  Dihezagonal  Pyramid.  —  The  dihexagonal  pyramidy  Fig.  226,  is  a 
double  twelve-sided  pyramid,  having  the  twenty-four  similar  faces  embraced 
under  the  general  symbol  (hkll).  It  is  bounded  by  twenty-four  similar 
faces,  each  meeting  the  vertical  axis,  and  also  meeting  two  adjacent  hori- 
zontal axes  at  imequal  distances,  the  ratio  of  which  always  lies  between 
1  : 1  and  1  :  2.  Thus  the  form  (2131)  includes  the  following  twelve  faces  in 
the  upper  half  of  the  crystal: 

2131,     1231,    T32l,    23ll,    3211,    3121, 
2131,     1231,     1321,    2311,    32Tl,    3T21. 

And  similarly  below  with  I  (here  1)  negative,  2l5T,  etc.  The  dihexagonal 
pyramid  is  often  called  a  beryUoid  because  a  common  form  with  the  specie 
beryl.    The  dihexagonal  pyramid  t;(2131)  is  shown  on  Figs.  224,  225. 

131.  Combinations.  —  Fig.  227  of  beryl  shows  a  combination  of  the 
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basejc(OOOl)  and  prism  m(lOlO)  with  the  first  order  pyramids  p(lOTl)  and 
u(2021);  the  second  order  pyramid  8(1  l2l)  and  the  dihexagonal  pyramid 
t;(2131).  Both  the  last  forms  lie  in  a  zone  between  m  and  s,  for  which  it  is 
true  that  fc  =  J.  The  bajsal  projection  of  a  similar  crystal  shown  in  Fig.  228 
is  very  instructive  as  exhibiting  the  symmetry  of  the  normal  hexagonal 
class.  This  is  also  true  of  the  stereographic  and  gnomonic  projections  in 
Figs.  229  and  230  of  a  like  crystal  with  the  added  form  o(ll22). 


2.  HEMIMORPHIC  CLASS  (14).    ZINCITE  TYPE 

{Dihexagonal  Pyramidal  or  Holohedral  Hemimorphic  Class) 

132.  Symmetry.  —  This  class  dififers  from  the  normal  class  only  in 
having  no  horizontal  plane  of  principal  symmetry  and  no  horizontal  axes 
of  binary  symmetry.  It  has,  however,  the  same  six  vertical  planes  of  sym- 
metry meeting  at  angles  of  30^  in  the  vertical  crystallographic  axis  which  is 
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an  axis  of  hexagonal  symmetry.    There  is  no  center  of  symmetry.    The 


symmetry   is  exhibited  in  the  stereographic 
projection,  Fig.  231. 

133.  Forms.  —  The  forms  belonging  to 
this  class  are  the  two  basal  planes,  0001 
and  OOOT,  here  distinct  forms,  the  positive 
(upper)  and  negative  (lower)  pyramids  of 
each  of  the  three  types;  also  the  three  prisms, 
which  last  do  not  differ  geometrically  from 
the  prisms  of  the  normal  class.  An  example 
of  this  class  is  found  in  zincite,  Fig.  44, 
p.  22.  lodyrite,  greenockite  and  wurtzite  are 
also  classed  here. 
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3.  TRIPYRAMIDAL  CLASS   (15).    APATITE  TYPE 

(Hexagonal  Bipyramidal  or  Pyramidal  Hemihedral  Class) 

134.  Typical  Forms  and  Symmetry.  —  This  class  is  important  because 
it  includes  the  common  species  of  the  Apatite  Group,  apatite,  pyromorphite, 
mimetite,  vanadinite.  The  typical  form  is  the  hexagonal  prism  (hktO)  and 
the  hexagonal  pyramid  (hkil)f  each  designated  as  of  the  third  order.  These 
forms  which  are  shown  in  Figs.  233  and  234  may  be  considered  as  derived 
from  the  corresponding  dihexagonal  forms  of  the  normal  class  by  the  omis- 
sion of  one  half  of  the  faces  of  the  latter.  They  and  the  other  forms  of  the 
class  have  only  one  plane  of  symmetry,  the  plane  of  the  horizontal  axes,  and 
also  one  axis  of  hexagonal  S3rmmetry  (the  vertical  axis). 

The  83rmmetry  is  exhibited  in  the  stereo- 
graphic  projection  (Fig.  232).  It  is  seen  here, 
as  in  the  figures  of  crystals  given,  that,  like 
the  tripyramidal  class  under  the  tetragonal 
system,  the  faces  of  the  general  form  (hk'l) 
present  are  half  of  the  possible  planes  belong- 
ing to  each  sectant,  and  further  that  those 
above  and  below  fall  in  the  same  vertical 
zone. 

136.  Prism  and  Pyramid  of  the  Third 
Order.  —  The  prism  of  the  third  order  (Fig. 
233)  has  six  like  faces  embraced  under  the 
general  symbol  (hktO),  and  the  form  is  a  regular 
hexagond  prism  with  angles  of  60°,  not  to  be 
distinguished  geometrically,  if  alone,  from  the  Symmetry  of  Tripyramidal  Class 
other  hexagonal  prisms;  cf.  Figs.  220,  221, 
p.  96.    The  six  faces  of  the  right-handed  form  (2l50)  have  the  indices 

2130,    1320,    3210,    2T30,     1320,    32T0. 

The  faces  of  the  complementary  left-handed  form  have  the  indices: 

1230,    23T0,    3120,    1230,    2310,    3T50 

As  already  stated  these  two  forms  together  embrace  all  the  faces  of  the 
dihexagonal  prism  (Fig.  222). 
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The  pyramid  ia  also  a  regular  double  hexagonal  pyramid  of  t-h©  third 
order,  and  in  its  relations  to  the  other  hexagonal  pyramids  of  the  class  (Figs. 
224,  226)  it  ia  analogous  to  the  square  pyramid  of  the  third  order  met  with 
in  the  corresponding  class  of  the  tetragonal  system  (see  Art.  100).  The 
faces  of  the  right-handed  form  {2l3l)  are: 

Above    2131,     1321,     3211,     2T31,     lS21,     35Tl. 
Below    2131,    T35T,    5211,    2T3l,    1321,    32lT. 

There  is  also  a  complementary  left-banded  form,  which  with  this  embraces 
all  the  faces  of  the  dihexagonal  pyramid.  The  cross  section  of  Fig.  235  shows 
ia  outline  the  position  of  the  first  order  prism,  and  also  that  of  the  right- 
handed  prism  of  the  third  order. 

The  prism  and  pyramid  just  described  do  not  often  appear  on  crystals  as 
predominating  forms,  though  this  is  sometimes  the  case,  but  commonly  these 
faces  are  present  modifying  other  fundamental  forms. 

136.  Other  Forms.  —  The  remaining  forms  of  the  class  are  geometri- 
cally like  those  of  the  normal  class,  viz.,  the  base  (0001) ;  the  first  order  prism 
(1010);  the  second  order  prism  (1120):  the  first  order  pyramids  {hOhl); 
and  the  second  order  pyramids  (k'kih'l).  That  their  molecular  struc- 
ture, however,  corresponds  to  the  symmetry  of  this  class  is  readily  proved,  for 
example,  by  etching.     In  this  way  it  was  shown  that  ^^ 

pyromorphite  and  mimetite  belonged  ia  the  same 
groupwith  apatite  (Bauiahauer),  though  crystals  with 
the  typical  forms  had  not  been  observed.  This  class 
is  pven  its  name  of  Tripyramidal  because  its  forms 
include  three  distinct  types  of  pyramids. 

137.  A  typical  cryst^  of  apatite  is  given_  in  Fig. 
236.  It  shows  the  third  order  [irism  A(2I30),  and 
the  third  order  pyramids,  M2131),  n(3lil);  also 
the  first  order  pyramids  r(1012),  a;(1011),  !/(2021), 
the  second  order  pyramids  t>(ll22),  s(ll3l); 
finally,  the  prism  in(lOlO),  and  the  base  c(0001).  Apatite 

4   PYRAMIDAL-HEMIMORPHIC  CLASS  (16).    NEPHELITE  TYPE 
(Hexagonal  Pyramid<d  or  PyramidtJ,  Hemihedral  Hemimorpkic  Class) 
138.   Symmetry.  —  A  fourth  class  under  the  hexagonal  division,  the 

pyramidaJ-kemiTTurrphic  dasa,  is  like  that  just  described,  except  that  the 
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forms  are  hemimorphic.  The  single  horizontal  plane  of  symmetry  is  absent, 
but  the  vertical  axis  is  still  an  axis  of  hexagonal  synmietry.  This  S3rmmetry 
is  shown  in  the  stereographic  projection  of  Fig.  237.  The  typical  form  would 
be  like  the  upper  half  of  Rg.  234  of  the  pyramid  of  the  third  order.  The 
species  nephelite  is  shown  by  the  character  of  the  etching-figures  (Fig.  238, 
Groth  after  Baumhauer)  to  belong  here. 
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6.  TRAPEZOHEDRAL  CLASS  (17) 
{Hexagonal  Trapezohedral  or  Trapezohedral  Hemihedral  Class) 

139.  Symmetry.  —  The  last  class  of  this  division  is  the  trapezohedral 
doss.  It  has  no  plane  of  symmetry,  but  the  vertical  axis  is  an  axis  of  hex- 
agonal synunetry,  and  there  are,  further,  six  horizontal  axes  of  binary  sym- 
metry. There  is  no  center  of  symmetry.  The  symmetry  and  the  distribu- 
tion of  the  faces  of  the  typical  form  (hkil)  is  shown  in  the  stereographic  pro- 
jection (Fig.  239).  The  typical  forms  may  be  derived  from  the  dihexagonal 
pjrramid  by  the  omission  of  the  alternate  faces  of  the  latter.  There  are  two 
possible  types  known  as  the  right  and  left  hexagonal  trapezohedrons  (see 
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Hexagonal  Trapesohedron 


Kg.  240),  which  are  enantiomorphous,  and  the  few  crystallized  salts  falling 
IQ  this  class  show  circular  polarization.    A  modification  of  quartz  known  as 
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0-quartz  is  also  described  as  belonging  here.    The  indices  of  the  right  form 
(2131)  are  as  follows: 

Above    2131,    T321,    3211,    2131,     1321,    32Il. 
Below     1231,    23TT,    3l2T,    T23T,    23ll,    3l5I. 

B.  Trigonal  or  Rhombohedral  Division 

{Trigonal  System) 

140.  General  Character.  —  As  stated  on  p.  19,  the  classes  of  this  division 
are  characterized  by  a  vertical  axis  of  trigonal,  or  threefold,  symmetry. 
There  are  seven  classes  here  included  of  which  the  rhombohedral  class  of  the 
Calcite  Type  is  by  far  the  most  important. 

1.  TRIGONAL  CLASS   (18).    BENITOITE  TYPE 

« 

{Ditrigonal  Bipyramidal,  Trigonal  Hemihedral  or  Trigonotype  Class) 

141.  Typical  Forms  and  Symmetry.  —  This  class  has,  besides  the  ver- 
tical axis  of  trigonal  symmetry,  three  horizontal  axes  of  binary  sjonmetry 
which  are  diagonal  to  the  crystallographic  axes.  There  are  four  planes  of 
symmetry,  one  horizontal,  and  three  vertical  diagonal  planes  intersecting  at 
angles  of  60°  in  the  vertical  axis.  The  symmetry  and  the  distribution  of  the 
faces  of  the  positive  ditrigonal  pyramid  is  shown  in  Fig.  241.  The  char- 
acteristic forms  are  as  follows.  Trigonal  prism  consisting  of  three  faces 
comprising  one  half  the  faces  of  the  hexagonal  prism  of  the  first  order.  They 
are  of  two  types,  called  positive  (1010)  and  negative  (OlIO).     Trigonal 


Ul 


242 


Symmetry  of  Trigonal  Class 


Benitoite  (Palache) 


pyramid,  a  double  three-faced  p3rramid,  consisting  of  six  faces  corresponding 
to  one  half  the  faces  of  the  hexagonal  pyramid  of  the  first  order.  The  faces 
of  the  upper  and  lower  halves  f all^  in  vertical  zones  with  each  other.  There 
are  two  types,  called  positive  (lOTl)  and  negative  (Olll).  Ditrigonal  prism 
consists  of  six  vertical  faces  arranged  in  three  similar  sets  of  two  faces  and 
having  therefore  the  alternate  edges  of  differing  character.  It  may  be  de- 
rived from  the  dihexagonal  prism  by  taking  alternating  pairs  of  faces.  Ditri- 
gonal pyramid  consists  of  twelve  faces,  six  above  and  six  below.  It,  like  the 
prism,  may  be  derived  from  the  dihexagonal  form  by  taking  alternate  pairs 
of  faces  of  the  latter.    The  faces  of  the  upper  and  lower  halves  fall  in  vertical 
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zones.  The  only  representative  of  this  class  known  is  the  rare  mineral 
benitoite,  a  crystal  of  which  is  represented  in  Fig.  242.  This  cr3rstal  shows 
the  trigonal  prisms  m(lOlO)  and  m(01I0),  the  hexagonal  prism  of  the  second 
order,  a(ll20),  the  trigonal  pyramids,  p(lOTl)  and  t(01T1);  e(0ll2)  and  the 
hexagonal  pyramid  of  the  second  order,  x(2241) 


2.  RHOMBOHEDRAL  CLASS  (19).    CALCITE  TYPE 

(Diirigonal  Scalenohedral  or  Rhombohedral  Hemihedral  Class) 

142.  Typical  Forms  and  Sjrmmetry.  —  The  typical  forms  of  the  rhom- 
bohedral doss  are  the  rhombohedron  (Fig.  244)  and  the  scalenohedron  (Fig. 

259).  These  forms,  with  the  projections. 
Figs.  243  and  269,  illustrate  the  symmetry 
characteristic  of  the  class.  There  are  three 
planes  of  symmetry  only;  these  are  diangoal 
to  the  horizontal  crystallographic  axes  and 
intersect  at  angles  of  60°  in  the  vertical  crystal- 

^r^'vA  A>^%         k^      lographic  axis.    This  axis  is  with  these  forms 
^-----^l^^g-       f«r      ^^  ^^  ^j  trigonal    symmetry;    there    are, 

further,  three  horizontal  axes  diagonal  to  the 
crystallographic  axes  of  binary  symmetry. 
Compare  Fig.  244,  also  Fig.  245  et  seq. 

By  comparing  Fig.  269   with  Fig.  229,  p. 
99,  it  will  be  seen  that  all  the  faces  in  half 
the  sectants  are  present.    This  group  is  hence 
analogous  to  the  tetrahedral  class  of  the  iso- 
metric system,  and  the  sphenoidal  class  of  the  tetragonlBd  system. 

143.  Rhombohedron.  —  Geometrically  described,  the  rhombohedron  is 
a  solid  bounded  by  six  like  faces,  each  a  rhomb.  It  has  six  like  lateral  edges 
forming  a  zigzag  line  about  the  crystal,  and  six  like  terminal  edges,  three 
above  and  three  in  alternate  position  below.  The  vertical  axis  joins  the  two 
trihedral  solid  angles,  and  the  horizontal  axes  join  the  middle  points  of  the 
opposite  sides,  as  shown  in  Fig.  244. 
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Poeitive  Rhombohedron  Caldte     Negative  Rhombohedron       Poeitiye  Rhombohedron 

Hematite 

The  general  symbol  of  the  rhombohedron  is  {hORl),  and  the  successive 
faces  of  the  unit  form  (lOll)  have  the  indices: 

Above,  lOll,    IlOl,    OlU;        below,    OlIT,    lOlT,    iToI. 


HEXAGONAL  SYSTEM 


106 


The  geometrical  shape  of  the  rhombohedron  varies  widely  as  the  angles 
change,  and  consequently  the  relative  length  of  the  vertical  axis  c  (expre^ed 
in  terms  of  the  horizontal  axes,  a  »  1).  As  the  vertical  axis  diminishes,  the 
rhombohedrons  become  more  and  more  obtuse  or  flattened;  and  as  it  increases 
they  become  more  and  more  acute.  A  cube  placed  with  an  octahedral  axis 
vertical  is  obviously  the  limiting  case  between  the  obtuse  and  acute  forms 
where  the  interfacial  angle  is  90^.  In  Fig.  244  of  calcite  the  normal  rhom- 
bohedral  angle  is  74''  55'  and  c  =  0*854,  while  for  Fig.  246  of  hematite  this 
an^e  is  94^  and  c  «  1-366.  Further,  Figs.  246-251  show  other  rhombohe- 
drons of  calcite,  namely,  I  (0lT2),  0  (0554),  /(022l),  JIf  (40il),  and  p(160-TBl) ; 
here  the  vertical  axes  are  in  the  ratio  of  \,  f ,  2,  4,  16,  to  that  of  the  fimda- 
mental  (cleavage)  rhombohedron  of  Fig.  244,  whose  angle  determines  the 
value  of  c. 
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204 


Fi0i.  247-252,  Calcite     Figs.  253-254,  Gmelinite 

144.  Positive  and  Negative  Rhombohedrons.  —  To  every  positive 
rhombohedron  there  may  be  an  inverse  and  complementary  form,  identical 
geometrically,  but  bounded  by  faces  falling  in  the  alternate  sectants.  Thus 
the  negative  form  of  the  imit  rhombohedron  (Olll)  shown  in  Fig.  245  has 
the  faces: 

Above,  0111,    Toil,    lIOl;       below,  TlOl,    OTlI,    lOlT. 

The  position  of  these  in  the  projections  (Figs.  269,  270)  should  be  care- 
fully studied.  Of  the  figures  already  referred  to.  Figs.  244,  246,  250  are 
positive,  and  Fig?.  245,  247,  248,  249  negative,  rhombohedrons;  Fig.  251 
shows  both  forms. 

It  will  be  seen  that  the  two  complementary  positive  and  negative  rhom- 
bohedrons of  given  axial  length  together  embrace  all  the  Uke  faces  of  the 
double  six-sided  hexagonaJ  pyramid  of  the  first  order.  When  these  two 
rhombohedrons  are  equally  developed  the  form  is  geometrically  identical 
with  this  pyramid.    This  is  illustrated  by  Fig.  254  of  gmelinite'  r(lOll), 
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p(OlTl)  and  by  Figs.  284,  285,  p.  113,  of  quartz,  r(lOll),  2(0lll).*  In  each 
case  the  form,  which  is  geometrically  a  double  hexagonal  pyramid  (in  Fig. 
254  with  c  and  m),  is  in  fact  a  combination  of  the  two  unit  rhombohedrons, 
positive  and  negative.  Commonly  a  difference  in  size  between  the  two  forms 
may  be  observed,  as  in  Figs.  253  and  286,  where  the  form  taken  as  the  posi- 
tive rhombohedron  predominates.  But  even  if  this  distinction  cannot  be 
established,  the  two  rhombohedrons  can  always  be  distinguished  by  etching, 
or,  as  in  the  case  of  quartz,  by  pyro-electrical  phenomena. 

146.  Of  the  two  series,  or  zones,  of  rhombohedrons  the  faces  of  the  posi- 
tive rhombohedrqns  replace  the  edges  between  the  base  (0001)  and  the  first 
order  prism  (1010).  Also  the  faces  of  the  negative  rhombohedrons  replace  the 
alteniate  edges  of  the  same  forms,  that  is,  the  edges  between  (0001)  and 
(0110)  (compare  Figs.  253,  254,  etc.).  Fig.  255  shows  the  rhombohedjon 
in  combination  with  the  base.  Fig.  256  the  same  with  the  prism  a(1120). 
When  the  angle  between  the  two  forms  happens  to  approximate  to  70°  32' 
the  crystal  simulates  the  aspect  of  a  regular  octahedron.  This  is  illustrated 
by  Fig.  257;  here  co  =  69°  42',  also  oo  =  71°  22',  and  the  crystal  resembles 
closely  an  octahedron  with  truncated  edges  (cf.  Fig.  99,  p.  55). 


256 


267 


266 


Figs.  256,  256,  Hematite 


Coquimbite 


Eudialyte 


146.  There  is  a  very  simple  relation  between  the  positive  and  negative 
rhombohedrons  which  it  is  important  to  remember.  The  form  of  one  series 
which  truncates  the  terminal  edges  of  a  given  form  of  the  other  will  have  one 
half  the  intercept  on  the  vertical  crystallographic  axis  of  the  latter.  This 
ratio  is  expressed  in  the  values  of  the  indices  of  the  two  forms.  Thus  (0lT2), 
truncates  the  terminal  edges  of  the  positive  unit  rhombohedron  (lOTl); 
(10T4)  truncates  the  terminal  edges  of  (0lT2),  (10T5)  of  (2025).  Again  (lOTl) 
truncates  the  edges  of  (0221),  (4041)  of  (0221),  etc.  This  is  illustrated  by 
Fig.  252  with  the  forms  r(lOTl)  and  /(025l).  Also  in  Fig.  258,  a  basal  pro- 
jection, 2(10T4)  truncates  the  edges  of  e(0lT2);  6(0lT2)  of  r(loTl);  r(loTl) 
of  s(0221). 

147.  Scalenohedron.  —  The  scaUnohedron,  shown  in  Fig.  259,  is  the 
general  form  for  this  class  corresponding  to  the  symbol  hkil.  It  is  a  solid, 
boimded  by  twelve  faces,  each  a  scalene  triangle.  It  has  roughly  the  ^hape 
of  a  double  six-sided  pjrramid,  but  there  are  two  sets  of  terminal  edges,  one 
more  obtuse  than  the  other,  and  the  lateral  edges  form  a  zigzag  edge  around 
the  form  like  that  of  the  rhombohedron.  It  may  be  considered  as  derived 
from  the  dihexagonal  pyramid  by  taking  the  alternating  pairs  of  faces  of 

*  Quartz  serves  as  a  convenient  illustration  in  this  case,  none  the  less  so  notwithstand- 
ing the  fact  that  it  belongs  to  the  trapezohedral  class  of  tlus  division. 
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that  form.  It  is  to  be  noted  that  the  faces  in  the  lower  half  of  the  form  do 
not  fail  in  vertical  zones  with  those  of  the  upper  half.  Like  the  rhombohe- 
drons,  the  scalenohedrons  may  be  either  positive  or  negative.  259 

The  positive  forms  correspond    in  position  to  the  positive 
rhombohedrons  and  conversely. 

The  positive  scalenohedron  {2131),  Fig.  259,  has  the  fol- 
lowing indices  for  the  several  faces: 

Above    2l5!,     2311,     3211,     1531,     1§21,     3121 
Below     1231,     1321,     3121,     2131,     23ll,     32lT. 
For  the  complementary  negative  scalenohedron  (I2SI)  the 
indices  of  the  faces  are: 

Above     1231,     1351,     3121,     ^131,     2Sll,     32Tl. 
Below     2311,     3211,     T231,     132l,     3l5T,     2131. 
148,     RdAtion    of    Scalenohedrons    to    BhtimbohedroDB.  —  It   wsa 
noted  above    that    the   scalenohedron    in    general    has    a  series   of 
i^zag   lat««1  edges   lilie  the  rhombohedron.      It    is   obvious,  further, 
that    for    every    rhombohedron    there    will    be    a    series  or  zone  of    scalenohedrons 
having  the  tame  lateral  edges.     This  is  shown   in  Fig.  262,  where  the  scalenohedron 


Fi^.  264,  265,  Corundum 


Figs.  266,  267,  Spangolite' 
f(213U  bevels  the  lateral  cdaea  of  the  fundamental  rhomliohedron  r(lOTl);  the  same 
would  be  true  of  the  scalenohedron  (325l),  etc.  Further,  in  Fig.  263,  the  native  scaleno- 
hedron i(133l)  bevels  the  lateral  edges  of  the  negative  rhombohedron  /(0221).  The  rela- 
tion of  the  indices  which  must  exist  in  theee  ca.sea  may  be  shown  to  bo,  for  example,  tor  the 
rhombohedron  r(lOli),  h  -k  +1;  again  tor/(022l),  h  +21  -k.  etc.  See  also  the  pro- 
jections. Figs.  269,  270.  Further,  the  position  of  the  scalenohedron  may  be  defined  with 
refoence  to  its  parent  rhombohedron.  For  example,  in  Fig.  262  the  scalenohedron  i!(2l3l) 
has  three  times  the  vertical  axis  of  the  unit  rhombohedron  r(10ll].  Again  in  Fig.  263 
j(l3il)  has  twice  the  vertical  axis  of /(02Sl). 

*  Spangolite  belong  properly  to  the  next  (hemimorphic)  group,  but  this  fact  does  not 
destroy  the  value  of  the  illustration. 
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149.  Other  Forms.  —  The  remaining  forms  of  the  normal  class  of  the 

rhombohediul  division  are  geometrically  like 
those  of  the  corresponding  class  of  the  hexa- 
gonal division  —  viz.,  the  base  c(OOOl);  the 
prisms  m(lOlO),  a(ll20),  (hkiO);  also  the  second 
order  pyramids,  as  (1121).  Some  of  these 
forms  are  shown  in  the  accompan3ring  figures. 
For  further  illustrations  reference  may  be  made 
to  typical  rhombohedral  species,  as  calcite,  hema- 
tite, etc. 

With  respect  to  the  second  order  pyramid,  it 

is  interesting  to  note  that  if  it  occurs  alone 

(as  in  Fig.  264,  n  =  2243)  it  is  impossible  to 

Calcite  ^7'  ^^  geometrical  grounds,  whether  it  has  the 

trigonal  sjonmetry  of  the  rhombohedral   t3rpe 
or  the  hexagonal  symmetry  of  the  hexagonal  type.     In  the  latter  case, 


Olio 


loio 

m 

Caldte 


the  form  might  be  made  a  first  order  pyramid  by  exchanging  the  axial  and 
diagonal  planes  of  symmetry.     The  true  symmetry,  however,  is  often  indi- 
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cated,  as  with  corundum,  by  the  occurrence  on  other  crystals  of  rhombo- 
hedral  faces,  as  r(lOll)  in  Fig.  265  (here  z  =  22il,  «  =  14-14-28-3).  Even 
if  rhombohedral  faces  are  al»ent  (Fig.  266),  the  etching-figures  (Fig.  267) 
will  often  serve  to  reveal  the  true  trigoiial  molecular  synunetry;  here 
o  =  (1134),  p  =  (1152). 

160.  A  ba^  projection  of  a  somewhat  complex  crystal  of  calcite  is  given 
m  Fig.  268,  and  stereographic  and  gnomonic  projections  of  the  same  forms 
in  Fyss.  269  and  270;  both  show  well  the  symmetry  in  the  diatnbutioa 


Cslcite 
ofthe faces.  Here  the  forms  are:  prisms,  a(ll^),  m(lOlO);  rtiombohedrons, 
positive,    r(lOTl),  negative,    e(0lT2),  /(022l);    scalenohedrona.    positive, 
K2l3l),  i(2134). 

3.  RHOMBOHEDRAL-HEMIMORPHIC 

CLASS  (20).    TOURMALINE  TYPE 

(Ditrigonal   Pyramidal  or  Trigonal 

Hemihedral  Hemimorphic  Class) 

161.   Symmetry.  —  A  number  of  prominent 

rhombohedral   species,    as    tourmaline,  pyrar- 

gyrite,  proustite,  belong  to  a  hemimorphic  class 

under  this  division.     For  them  the  symmetry 

in  the  grouping  of  the  faces  differs  at  the  two 

extremities  of  the  vertical  axis.     The  forms  have 

the  same  three  diagonal  planes   of  symmetry 

meeting  at  anf^es  of  60°  in  the  vertical  i 


Symmetry  of 

Rhombohed  ral-Hemimon^c 

ClasB 
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which  is  an  axis  of  trigonal  symmetry.  There  are,  however,  no  hori- 
zontal axes  of  symmetry,  as  in  the  rhombohedral  class,  and  there  is  no 
center  of  symmetry.   Cf.  Fig.  271. 

162.  Typical  Fonns.  — In  this  class  the  basal  planes  (0001)  and  (0001) 
are  distinct  forms.  The  other  characteristic  forms  are  the  two  trigonal 
prisms  m(lOIO)  and  mXOlIO)  of  the  first  order  series;  also  the  four  trigonal 
first  order  pyramids,  corresponding  respectively  to  the  three  upper  and 
three  lower  faces  of  a  positive  rhombohedron,  and  the  three  upper  and 
three  lower  faces  of  the  n^ative  rhombohedron;  also  the  henumorphic 
second  order  hexagonal  pyramid;  finally,  the  four  ditrigonal  pyramids, 
corresponding  to  the  upper  and  lower  faces  respectively  of  the  positive 
and  negative  scalenohedrons.  _  Figs.  272-275  illustrate  these  forms.  Fig, 
274  is  a  basal  section  with  r,(01ll^  and  e,(1012)  below. 


Figs-  272-275,  Tourmaline 

4.  TRI-RHOMBOHEDRAL  CLASS  (21).    PHENACITE  TYPE 

(Rhombohedral  or  Rhombohedral  Teiartohedral  Ctasa) 

1(3.  Symmetry.  —  This  class,  illustrated  by  the  species  dioptaee, 
phenacite,  willemite,  dolomite,  ilmenite,  etc.,  is  an  important  one.  It  is 
characterized  by  the  absence  of  al!  planes  of 
symmetry,  but  the  vertical  axis  is  still  an  axis 
of  trigonal  s3Tnmetry,  and  there  is  a  center  of 
symmetry.     Cf.  Fig.  276. 

164.  Typical  Forms.  —  The  distinctive  forms 
of  the  class  are  the  rhombohedron  of  the  second 
order  and  the  hexagonal  prism  and  rhombo- 
hedron, each  of  the  third  order.  The  class  is 
thus  characterized  by  three  rhombohedrons  of 
distinct  types  (each  +  and  —  ),  and  hence  the 
name  given  to  it. 

The  second  order  rhombohedron  may  be  de- 
rived by  taking  one  half  the  faces  of  the  nor- 
mal hexagonal  pyramid  of  the  second  order. 
There  will  be  two  complementary  forms  known 
as  positive  and  negative.  For  example,  in  a  given  case  the  indices  of  the 
faces  for  the  positive  and  negative  forms  are: 

Positive      (above)     1122,     5ll2,     l5l2;     (below)     1212,     TT22,     2TT2, 
Negalive     (above)     T212,     1122,     2112;     (below)     2ll5,     l5l2,     1122. 
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The  rhombohedron  of  the  third  order  has  the  general  symbol  (fikll)^  and 
may  be  derived  from  the  normal  dihexagonal  pyramid,  Fig.  226,  by  taking 
one  quarter  of  the  faces  of  the  latter. 

There  are  therefore  four  complementary  third  order  rhombohedrons,  dis- 
tinguished respectively  as  positive  right-handed  (2131),  positive  left-handed 
(3121),  negative  right-handed  (1321),  and  negative  left-handed  (1231).  The 
indices  of  the  six  iSiie  faces  of  the  positive  right-'handed  form  (2131)  are: 

Above    2131,    3211,     l521;    below    T32T,    2T3l,    32TT. 

The  hexagonal  prism  of  the  third  order  may  be  derived  from  the  normal 
dihexagonal  prism,  Fig.  219,  by  taking  one  half  the  faces  of  the  latter.  There 
are  two  complementary  forms  known  as  right-  and  left-handed.  The  faces 
of  these  forms  in  a  given  case  (2lS0)  have  the  indices: 


Bight 
Left 


2130, 
12S0 


1320, 
23l0 


3210, 
3120 


2T30, 
1230 


1520, 
2310, 


32T0, 
3120. 


166.  The  remaining  forms  are  geometrically  like  those  of  the  rhombo- 
hedral  class,  viz.:  Base  c(OOOl);  first  order  prism  m(10T0);__  second  order 
prism  o(1120);  rhombohedrons  of  the  first  order,  as  (1011)  and  (OlTl), 
etc. 

166.  The  forms  of  this  group  are  illustrated  by  Figs.  277-279.  Fig.  277 
is  of  dioptase  and  shows  the  hexagonal  prism_of  the  second  order  a(I120) 
with  a  negative  first  order  rhombohedron,  s(022l)  and  the  third  order  rhom- 
bohedron 2;(1341).     Fig?.  278  and  279  show  the  horizontal  and  clinographic 


278 


279 


Dioptase 


Phernaeite 


projections  of  a  crystal  of  phenacite  with  the  following  forms:  first  order 
prism,  m(lOTO);  second  order  prism,  a(1120);  third  order  rhombohedrons, 
i(1232)  and  s(2131);  first  order  rhombohedrons,  r(lOTl)  and  d(0lT2). 

In  order  to  make  clearer  the  relation  of  the  faces  of  the  different  types  of 
forms  under  this  class,  Fig.  280  is  added.  Here  the  zones  of  the  positive  and 
Q^ative  rhombohedrons  of  the  first  order  are  indicated  {+R  and  —R) 
also  the  general  positions  of  the  four  types  of  the  third  order  rhombohedrons 
(+r,  -r,  +Z,  -0. 

The  following  scheme  may  also  be  helpful  in  connection  with  Fig.  280.     It 
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shows  the  distribution  of  the  faces  of  the  four  rhombohedrons  of  the  third  order 
(+r,  +1,  — r,  — Z)  relatively  to  the  faces  of  the  unit  hexagonal  prism  (1010). 

PHENAcrro  Ttfb 
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5.  TRAPEZOHEDRAL  CLASS  (22).  QUARTZ  TYPE 

(Trigonal  Trapezohedral  or  Trapezohedral  Tetartohedral  Clasa) 

167.  Symmetry.  —  This  class  includes,  among  minerals,  the  species 
quartz  and  cinnabar.  The  forms  have  no  plane  of  symmetry  and  no  center 
of  symmetry;  the  vertical  axis  is,  however,  an  axis  of  trigonal  sjrmmetry, 
and  there  are  also  three  horizontal  axes  of  binary  symmetry,  coinciding  in 
direction  with  the  crystallographic  axes;  cf.  Fig.  281 
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IfiS.  Typical  Fonns.  —  The  characteristic  form  of  the  cJass  is  the 
trigonal  trapezohedron  shown  in  Pig.  282.  This  is  the  general  form  corre- 
sponding to  the  symbol  (hktl)^  the  faces  being  distributed  as  indicated  in  the 
accompanying  stereographic  projection  (Fig.  281).  The  faces  of  this  form 
correspond  to  one  quarter  of  the  faces  of  the  normal  dihexagonal  pyramid, 
Fig.  ^6.  There  are  therefore  four  such  trapezohedrons,  two  positive,  called 
respectively  right-handed  (Fig.  282)  and  left-handed  (Fig.  283),  and  two  simi- 
lar negative  forms,  also  right-  and  left-handed  (see  the  scheme  given  in 
Art.  160).  It  is  obvious  that  the  two  forms  of  Figs.  282,  283  are  enantio- 
morphous,  and  circular  polarization  is  a  striking  character  of  the  species 
bdonging  to  the  class  as  elsewhere  discussed. 

The  indices  of  the  six  faces  belonging  to  each  of  these  will  be  evident  on 
consulting  Figs.  281  and  229  and  230.  The  complementary  positive  form 
(r  and  I)  of  a  given  symbol  include  the  twelve  faces  of  a  positive  scalenohe- 
dron,  while  the  faces  of  all  four  as  already  stated  include  the  twenty-four 
faces  of  the  dihexagonal  pyramid. 

Corr^ponding  to  these  trapezohedrons  there  are  two  ditrigonal  prisms, 
respectively  right-  and  left-handed,  as  (2130)  and  (3T50). 

The  remaining  characteristic  forms  are  the  right-  and  left-handed  trigonal 
prism  a(ll20)  and  a(2TT0);  also  the  right-  and  left-handed  trigaruil  pyramid, 
as  (1122)  and  (2TT2).  They  may  be  derived  by  taking  respectively  one  half 
the  faces  of  the  hexagonal  prism  of  the  second  order  (1120)  or  of  the  corre- 
sponding pyramid  (11^2);  these  are  shown  in  Figs.  221  and  225. 

169.  Other  Forms.  —  The  other  forms  of  the  class  are  geometrically 
like  those  of  the  normal  class.  They  are  the  base  c(0001),  the  hexagonal 
first  order  prism  m(lOTO),  and  the  positive  and  negative  rhombohedrons  as 
(1011)  and  (Olll).  These  cannot  be  distinguished  geometrically  from  the 
normal  forms. 

160.  Illustrations.  —  The  forms  of  this  class  are  best  shown  in  the 
species  quartz.  As  already  remarked  (p.  106),  simple  crystab  often  appear 
to  be  of  normal  hexagonal  symmetry,  the  rhombohedrons  r(lOll)  and  z(OlTl) 
being  equally  developed  (Figs.  284,  285).  In  many  cases,  however,  a  differ- 
ence La  molecular  character  between  them  can  be  observed,  and  more  com- 


as? 


238 


Figs.  284-288,  Quartz 

monly  one  rhombohedron,  r(lOll),  predominates  in  size;  the  distinction  can 
always  be  made  out  by  etching.  Some  crystals,  like  Fig.  286,  show  as 
modifying  faces  the  right  trigonal  pjrramid  s(1121),  with  a  right  positive 
trapezohedron,  as  x(5161).     Such  crystals  are  called  right-handed  and  rotate 
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the  plane  of  polarization  of  light  transmitted  in  the  direction  of  the  vertical 
axis  to  the  right.  A  crystal,  like  Fig.  287,  with  the  left  trigonal  pyramid 
fi(2Tll)  and  one  or  more  left  trapezohedrons,  as  x(6T51),  is  called  left-handed, 
and  as  regards  light  has  the  opposite  character  to  the  crystal  of  Fig.  286. 
Fig.  288  shows  a  more  complex  right-handed  crystal  with  several  positive 
and  negative  rhombohedrons,  several  positive  right  trapezohedrons  and  the 
negative  left  trapezohedron,  N. 

The  following  scheme  shows  the  distribution  of  the  faces  of  the  four 
trapezohedrons  (-hr,  +J,  —r,  —I)  relatively  to  the  faces  of  the  unit  hex- 
agonal prism  (lOlO);  it  is  to  be  compared  with  the  corresponding  scheme, 
g^ven  in  Art.  166,  of  crystals  of  the  phenacite  type.  J[n  the  case  of  the  nega- 
tive forms  some  authors  prefer  to  make  the  faces  213l,  123l,  etc.,  righl^  and 
3l2T,  1321,  etc.,  kfU 

Quartz  Type 


+1      +r 
3121  2l5l 

1231  I32l 

+1    '   +r 

23T1  5211 

-l       -r 
5121  2T31 

T531  1521 

-I      -r 
2511  3211 

lOlO 

Olio 

IlOO 

loio 

OTlO 

iToo 

3I5T  2151 

1251  I32I 

-r  -I 
23IT  3211 

512T  2T3T 

-r  -I 
T23I  l52T 

25lT  32n 

161.  Other  Classes.  —  The  next  class  (23)  is  known  as  the  Trigonal 
Bipyramidal  or  Trigonal  Tetartohedral  class.  It  has  one  plane  of  sym- 
metry —  that  of  the  horizontal  axes,  and  one  axis  of  trigonal  symmetry  — 
the  vertical  axis.  There  is  no  center  of  symmetry.  Its  characteristic  forms 
are  the  three  types  of  trigonal  prisms  and  the  three  corresponding  types  of 
trigonal  pyramids.  Cf.  Fig.  289.  This  class  has  no  known  representation 
among  crystals. 

The  last  class  (24)  of  this  division  is  known  as  the  Trigonal  P)rramidal 
or  Trigonal  Tetartohedral  Hemimorphic  class.    It  has  no  plane  of  synmietry 
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Symmetry  of  Trigonal  Bipyramidal  Class       Symmetry  of  the  Trigonal  Pyramidal  Class 

and  no  center  of  symmetry,  but  the  vertical  axis  is  an  axis  of  trigonal  sym- 
metry. The  forms  are  all  hemimorphic,  the  prisms  trigonal  prisms,  and  the 
pyramids  hemimorphic  trigonal  pyramids.  Cf.  Fig.  290.  The  crystals  of 
sodium  periodate  belong  to  this  class. 
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Mathematical  Relations  of  the  Hexagonal  System. 

162.  Choice  of  Axis.  —  The  position  of  the  vertical  crystallographic  axis  is  fixed  in  all 
the  classes  of  this  system  since  it  coincides  with  the  axis  of  hexagonal  s^rmmetiy  in  the 
hexagonal  division  and  that  of  trigonal  S3rmmetry  in  the  rhombohedral  division,  llie  three 
horizontal  axes  are  also  fixed  in  direction  except  in  the  normal  class  and  the  subordinate 
hemimorphic  class  of  the  hexagonal  division;  in  these  there  is  a  choice  of  two  positions 
according  to  which  of  the  two  sets  of  vertical  planes  of  symmetry  is  taken  as  the  axial  set. 

168.  Axial  and  Angular  Elements.  —  The  axial  element  is  the  length  of  the  vertical 
axis,  c,  in  terms  of  a  horizontal  axis,  a;  in  other  words,  the  axial  ratio  of  a  :  c.  A  single 
measured  angle  (in  any  zone  but  the  prismatic)  may  be  taken  as  the  fundamental  angle 
from  which  the  axial  ratio  can  be  obtamed. 

The  angular  element  is  usually  taken  as  the  angle  between  tbe  base  c(OOOl)  and  the 
unit  Gist  order  pyramid  (lOll),  that  is,  0001  A  lOTl. 

The  relation  between  this  angle  ana  the  axis  c  is  given  by  the  formula 

tan  (0001  A  lOTl)  X  ^  ^3  =  c. 

The  vertical  axis  is  also  easily  obtained  from  the  unit  second  order  pyramid,  since 

tan  (0001  A  ll22)  -  c. 

These  relations  become  general  by  writing  them  as  follows: 

tan  (0001  A  hOfU)  x  |  v^  =  ^  X  c; 

tan  (0001  A  h-h'2fiD  =  y  X  c. 

In  general  it  is  easy  to  obtain  any  required  angle  between  the  poles  of  two  faces  on  the 
spheri^d  proiection  either  by  the  use  of  the  tangent  (or  cotangent)  relation,  or  by  the 
solution  oi  spherical  triangles^  or  by  the  application  of  both  methods.  In  practice  most  of 
the  trian^es  used  in  calculation  are  right-angled. 

164.  Tangent  and  Cotangent  Relations.  —  The  tangent  relation  holds  good  in  any  zone 
from  c(OOOl)  to  a  face  in  the  prismatic  zone.    For  example: 

tan  (0001  A  hOfU)  ^  h .     tan  (0001  A  h'h'2fil)  _2h 
tan  (0001  A  lOll)      /  '       tan  (0001  A  1122)         I  " 

In  the  prismatic  zone,  the  cotangent  formula  takes  a  simplified  form;  for  example,  lor  a 
dihexagonal  prism,  hkiOt  ^  (2l30): 

cot  (lOlO  A  mO)  =  ?^^ i/i; 

cot  (1120  A  hkiO)  =  ^4l  ^^• 

The  sum  of  the  angles  (lOlO  A  hkiO)  and  (ll20  A  hkiO)  is  equal  to  SO"". 

Further,  tiie  last  equations  can  be  written  in  a  more  genersu  form,  applying  to  any 
pyramid  (hkH)  in  a  zone,  first  between  lOTO  and  a  face  in  the  zone  0001  to  OlIO,  where  the 
angle  between  lOlO  and  this  face  is  known;  oragain,  for  the  same  pyramid,  in  a  zone 
between  Il20  and  a  face  in  the  zone  0001  to  lOlO,  the  angle  between  il20  and  this  face 
being  given.  For  example  (cf.  Fig.  229,  p.  99),  if  the  first-mentioned  zone  is 
lOlO'Aibt/'OlIl  and  the  second  is  ll20'/iH/-10ll,  then 

cot  (lOlO  A  hk^)  =  cot  (lOlO  A  OlTl) .  ^^y-^» 
and 

cot  (1120  A  AHZ)  =  cot  (1120  A  lOTl) .  ~i~- 
Also  similarly  for  other  zones, 

cot  (lOlO  A  hhU)  =  cot  (lOlO  A  022l)  .   ^    >  etc. 
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cot  (Il50  A  hkU)  =  cot  (Il20  A  2(fil)  .  ^^*,  etc. 


165.  Other  Ancular  Relations.  —  The  following  simple  relations  are  of  frequent  use: 
(1)  For  a  hexagonal  jfyramid  of  the  first  order, 


and  in  general 


tan  1  (lOTl  A  Olll)  =»  sin  f  Vj,    where  tan  {  =  c, 
tan  4  {hOfil  A  0^)  =  sin  {^\/|»    where  tan  ^^=  jc. 


(2)  For  a  hexagonal  pyramid  of  the  second  order ,  as  (ll22), 

2  sin  i  (1122  A  I2T2)  »  sin  (,       and       tan  ( 


c. 


(3)  For  a  rhombohedron 

sin  i  (lOTl  A  1101)  =  sin  a>/l,    where  a  =  (0001  A  lOTl); 
in  general 

sin  i  {hOfU  A  fihOl)  =  sin  a,  Vf,  where  a,  =  (0001  A  hOfU), 


in  other  svstems,  only  that  it  is  to  be  noted  that  one  of  the  indices  referring  to  the  horizontal 
axes,  preferably  the  third,  t,  is  to  be  dropped  in  the  calculations  and  onw  the  other  three 
employed.  Thus  the  indices  (u,  v,  w)  of  the  zone  in  which  the  faces  (hkil),  (pqrt)  lie  are 
fdven  by  the  scheme 


/ 


XXX 


I 


where 


q       t        P        q 
VL^  kt  —  Iq^        y  *^  Ip  —  hi,        vr  ^  hq  ^  kp. 


For  example  (Fig.  226)  the  face  n  lies  in  the  zone  mv,  10lO'2l3l  and  also  in  the  zone 
au,  1120  '  2021.  For  the. first  zone  the  values  obtained  are:  w  *  0,  i;  =  T^  u;  =  1 :  for  the 
second  zone,  e  '^  \,f  ^  I,  g  ^i.  Combining  these  zone  symbols  accordmg  to  the  usual 
scheme 


0 


The  face  n  has,  therefore,  the  indices  3lii,  since  further  t  —  —  (A  +  it). 

167.  Formulas.  —  The  following  formulas  in  which  c  equals  the  unit  length  of  the 
vertical  axis  are  sometimes  useful: 

(1)  The  distances  (see  Fig.  229)  of  the  pole  of  any  face  {hlai)  from  the  poles  of  the  faces 
(lOlO),  (OlTO),  (TlOO),  and  (0001)  are  given  by  the  following  equations, 

cos  {hkO)  (lOlO)  -  c(k  +  2h) 

^  V3i«  +  4c»  (^«  +  ifc«  +  Aifc) 


cos  {hhU)  (OlTO)  « 


c  {2k  +  h) 


V3/«  +  4c«  (^»  +  A;«  +  hk) 


008  (AJW)  (TlOO)  =     >  ^  .  ^^^,    ^\ 

^  V3?  +  4c»  (A2  +  )k«  +  hk) 


cos  QUcd)  (0001) 


ly/Z 


y/ZP  +  4c*  (h^  +  ifc*  +  hk) 

(2)  The  distance  (PQ)  between  the  poles  of  any  two  faces  P(Wfcfl)  and  Q(pgf<)  is  given 
by  the  equation 
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cosPQ 


ZU  +  2c»ihq  +  pk  +  2hp'^  2kq) 

V[3P  4-  4ct  (^«  -f.  ifc»  +  }ik)]  [3it  ^  4^2  (p«  +  ^  -^.  pq)\ 

(3)  For  special  cases  the  above  formula  becomes  simplified;  it  serves  to  give  the  value 
of  the  normal  angles  for  the  several  forms  in  the  system.    They  are  as  follows: 

Co)  Pyramid  of  Firsl  Order  {hOhl),  Fig.  224: 


cos  X  (terminal) 


3/«  +  2hk* 


COS  Z  (basal)  «= 


4A^~3P 
3/»  +  4AV 


3P  +  4A V ' 
(6)  Pyramid  of  Second  Order  ih'h'2K'l),  Fig.  225: 

cos  Y  (termmal)  =  pq^-j^, ;    cos  Z  (basal)  «  ^  ^  ^^,  - 

(e)  Dihexagonal  Pyramid  (hhil) : 

COS  X  (see  Fig.  226) 


COS  Y  (see  Fig.  226) 
COS  Z  (basal) 


(d)  Dihexagonal  Prim,  QihiO),  Fig.  222: 
oosX  (axial)  «^^^,_^^,^^^. 

(e)  Bhombohedron  (lOTl): 

cos  X  (terminal)        < 

(/)  Sealenohedron  (MM): 

cos  X  (see  Fig.  259)  > 


3^  -f  2c'  (/i*  -f  A:*  4-  4M^^) 
3/*  +  4c«  (h*  -hk*-hhk) 
3fi  +  2c«  (2/i»  +  2U  -  fe«) 
3/»  +  4c»  (A«  +  A;*  -h  ^) 
4c«  (fe«  -f  /c»  -h  AA;)  -  3P 
3Z»  +  4c»(^«  +  A:«  +  /iik)* 


COS  Y  (diagonal) 


3P-2AV 


2¥  +  2M;  -  fe« 
2  (^«  +  A;«  -h  ^) 


3/"  +  4AV 


3P  +  2c  (2^*  +  2M;  ->  A«) 
3i«  +  4c»  (/i«  +  A;«  +  Wfc)  ' 

3P  +  2c«  (2A«  +  2hk  -  k*) 
3^ -f- 4c«  (^»  +  A;»  +  Wfc) 

2c»  (h*  "b  fc'  +  4AA;)  -  3P 

3P  +  4c«(A» +  *;«  +  /»/;)* 

168.  Ancles.  —  The  angles  for  some  commonlv  occurring  dihexagonal  priams  with  the 
fiist  and  second  order  prisms  are  given  in  the  following  table: 


cos  Y  (see  Fig.  259) 
cos  Z  (basal) 


109.  The 


5lS0 
4lS0 
3liO 
6270 
2l30 
3250 
5490 

Axes  and  Indices. 
291 


10 
13 
16 
19 
23 
26 


a(ll20) 

21*' 

3' 

19 

6i 

16 

6 

13 

54 

10 

53 

6 

35 

3 

40 

m(lOlO) 
8^57' 
53i 
54 
6 

^\ 

24 

19{ 

The  forms  of  the  hexa^nal  system  were  referred 

bv  Mdler  to  a  set  of  three  eaual 
obliaue  axes  which  were  taken 
parallel  to  the  edges  of  the  imit 
positive  rhombonedron  of  the 
species.  Fig.  291  represents 
such  a  rhombohedron  with  the 
position  of  the  Miller  axes  shown. 
This  choice  of  axes  for  hexa- 
gonal forms  has  the  grave  objec- 
tion that  in  several  cases  the 
faces  of  the  same  form  are  rep- 
resented by  two  sets  of  different 
indices;  for  example  the  faces  of 
•  the  pyramid  of  the  first  order 
would  have  the  indices,  100,221, 010, 122, 001,2l2.    This  objection,  however,  disappears  if  the 
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Miller  axes  and  indices  are  used  only  for  forms  in  the  Rhombohedral  Division)  that  is  for  forms 
belonging  to  classes  which  are  characterized  by  a  vertical  axis  of  trigonal  symmetry.  It  is 
believed,  however,  that  the  mutual  relations  of  all  the  classes  of  both  divisions  of  the  hex- 
agonal system  among  themselves  (as  also  to  the  classes  of  the  tetragonal  system),  both 
morphological  and  physical  arc  best  brought  out  by  keeping  throughout  the  same  axes, 
namely  those  of  Fig.  218,  Art.  121.  The  Miller  method  has.  however,  been  adopted  by  a 
number  of  authors  and  consequently  it  is  necessary  to  give  tne  following  bri^  description. 


^' 


IlO 
^110) 


«fllO) 
112 


fa. 


OSio) 
oil 


121 

Oloo) 


nf 

CQiJto) 


UP 

(2U0) 


Miller  and  Miller-Bravais  Indices  Compared 

Fig.  292  shows  in  stereographic  projection  the  common  hexagonal-rhombohcdral  forms 
.vith  tneir  Miller  indices  and  in  parentneses  the  corresponding  indices  when  the  faces  are 
referred  to  the  four  axial  sjrstem.  It  will  be  noted  that  the  faces  of  the  unit  positive  rhom- 
bohedron  have  the  indices  100,  010,  and  001  and  those  of  the  negative  unit  rhombohedron 
have  22l,  l22,  2l2.  These  two  forms  together  give  the  faces  of  the  hexagonal  pyramid_of 
the  first  order  (see  above).  The  hexagonal  prism  of  the  first  order  is  represented  by  2ll, 
etc.,  while  the  second  order  prism  has  lOT,  etc.  The  dihexagonal  pyramid  has  also  two 
sets  of  indices  (hkl)  and  (efg) ;  of  these  the  symbol  (hM)  belongs  to  the  positive  scaleno- 
hedron  and  {^g)  to  the  negative  form.  In  this  as  in  other  cases  it  is  true  that 
c  «  2^  -f  2A;  -  /,  /  =  2fc  -  A;  4-  2Z,  ^  =  ~  ii  4-  2A;  +  2/.  For  example,  the  faces  of  the 
form  20T,  etc..  belong  in  the  Rhombohedral  Division  of  this  system  to  the^scalenohedron 
(2l3l)  while  tne  complementarv  negative  form  would  have  the  indices  524,  etc. 

The  relation  between  the  Miller-Bravais  and  the  Miller  indices  for  any  form  can  be 


msXAOONAL  SYSTEM 


119 


obtained  from  the  following  expression,  where  (hkil)  represents  the  first  and  (j)qr)  the 
second. 

h  k  i  I 


293 


p  —  q      p--r      r-p      p  +  q '\' r 

The  relation  between  the  Miller  indices  for  hexagonal  forms  and  those  of  isometric 
forms  should  be  noted.  If  we  conceive  of  the  isometric  cube  as  a  rhombohedron  with 
interfacial  angles  of  90^  and  change  the  orientation  so  that  the  normal  to  the  octahedral 
face  (111)  becomes  vertical  we  get  a  close  correspondence  between  the  two.  This  will  be 
seen  bv  a  comparison  of  the  two  stereographic  projections,  Figs.  292  and  125. 

170.  To  determine,  by  plotting,  the  length  of  the  verticarazis  of  a  hexagonal  mineral, 
dven  the  position  on  the  stereograimic  projection  of  the  pole  of  a  face  with  known  indices. 
To  illustrate  this  problem  it  is  assumcxl  that  the  mineral  in  question  is  beryl  and  that  the 
position  of  the  pole  p(lOll)  is  known,  Fig.  293.    Let  the  three  lines  ai,  o^,  as  represent  the 
horizontal  axes  with  their  unit  lengths  equaUing  the  radius  of  the  circle.     Eh:aw  a  line 
from  the  center  of  the  projec- 
tion through  the  pole  p.    Draw 
another  line  (which  will  be  at 
right  angles  to  the  first)  joining 
the  ends  of  Oi  and  —ot.    This 
wiD  be  parallel  to  ot  and  will 
repr»ent     the     intercept     of 
p(lOll)  upon  the  plane  of  the 
horizontal  ajtes.      In  order  to 
plot  the  intercept  of  p  upon  the 
vertical  axis  construct  in  the 
upper  left-hand  quadrant    of 
the  figure  a  right-angle  triangle 
the  base  of  which  shall  be  equal 
to  0-P,  the   vertical   side  of 
which  shall  represent  the  c  axis 
and  the  hypotnenuse  shall  show 
the  slope  of  the  face  and  give 
its  intercept  upon  the  c  axis. 
The  direction  of  the  hypothe- 
nuae  is  determined  by  locating 
the  normal  to  p  from  the  angle 
measured  from  the  center  of 
the   projection    to    its     pole. 
Since    the  face  has  been   as- 
sumed to  have  an  unit  intercept 
on  the  vertical  axis    the  dis- 

S  term^ofVe'^leSrh^f^the    I^tennination  of  unit  length  of  c  aids,  having  given  the 
horizontal  axes,  which  equals  •    position  of  p(10Il> 

I'OO),  gives  the  unit  lensth  of  the  c  axis  for  beryl. 

171.  To  determine  the  indices  of  a  face  of  a  hexagonal  form  of  a  known  mineral,  given 
the  position  of  its  pole  on  the  stereographic  projection.  In  Fig.  294  it  is  assumed  that  the 
position  of  the  pole  v  of  a  crystal  face  on  calcite  is  known.  To  determine  its  indices,  first  draw 
a  radial  line  through  the  pole  and  then  erect  a  perpendicular  to  it,  starting  the  line  from  the 
end  of  one  of  the  horizontal  axes.  This  line  will  represent  the  direction  of  the  intersection  of 
the  ci^stal  face  with  the  horizontal  plane  and  its  relative  intercepts  on  the  horizontal  axes 
will  give  the  first  three  numbers  of  tne  parameters  of  the  face,  namely  lai,  2a«,  f— ai.  To 
determine  the  relative  intercept  on  the  c  axis  transfer  the  distance  O-P  to  the  upper  left- 
hand  quadrant  of  the  fisure,  then  having  measured  the  angular  distance  between  the  center 
of  the  projection  and  i;  by  means  of  the  stereographic  protractor  draw  the  pole  to^  the  face 
m  the^roper  position.  Draw  then  a  line  at  right  angles  to  this  pole  startins  from  the 
point  P'.  This  line  gives  the  intercept  of  the  face  upon  the  line  representing  the  vertical 
wis.  In  this  ca.se  the  intercept  has  a  value  of  17  wnen  the  length  of  the  horizontal  axes 
is  takai  Bs  equal  to  10.  This  distance  17  is  seen  to  be  twice  the  unit  length  of  the 
c  axis  for  calcite,  0*85.  Therefore  the  parameters  of  the  face  in  question  upon  the  four 
axes  are  lai,  201,  f— ot,  2c,  which  give  2l3l  for  the  indices  of  the  face  v. 
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Detennination  of  the  indices  for  v  on  calcite 

178.  To  determine,  by  plottingi  the  Indices  of  hexagonal  f  onns,  given  the  position  of 

their  poles  on  the  gno- 
monic  projection.  To 
illustrate  this  problem 
one  sectant  of  tne  gno- 
monic  projection  of  the 
important  forms  of  beryl, 
Fig.  228,  is  reproduced  in 
Fig.  295.  The  directions 
of  the  three  horizontal 
axes,  auot  and  as  are  in- 
dicated by  the  heavy  lines. 
From  the  poles  of  the  faces 
perpendiculars  are  drawn 
to  these  three  axes.  It 
will  be  noted  that  the  va- 
rious intercepts  made 
upon  the  axes  by  these 
lines  have  simple  rational 
relations  to  each  other. 
One  of  these  intercepts  is 
chosen  as  havine  the 
length  of  1  (this  length 
will  be  equivalent  to  the 
unit  length  of  the  c  crys- 
tallograpiiic  axis,  see 
below)  and  the  others  are 
then  given  in  terms  of  it. 
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The  indices  of  each  face  are  obtained  directly  by  taking  these  intercepts  upon  the  three 
horizontal  axes  in  their  proper  order  and  by  adding  a  1  as  the  fourth  figure.  If  necessary 
clear  of  fractions,  as  in  the  case  of  the  second  order  pyramid,  11^. 

173.  To  determine  the  axial  ratio  of  a  hexagonal  mineral  from  the  gnomonic  proiection 
of  its  forms.  The  gnomonic  projection  of  the  beryl  fonns,  Fig.  ^5,  may  be  used  as  an 
illustrative  examjile.  The  radius  of  the  fundamental  circle,  a,  is  taken  as  equal  to  the 
length  of  the  horizontal  axes  and  is  given  a  value  of  1.  Then  the  length  of  the  fundar 
meiival  intercept  of  the  lines  dropped  perpendicularly  from  the  poles,  i.e.  the  distance  c, 
will  equal  the  length  of  the  c  axis  when  expressed  in  terms  of  the  length  of  a.  In  the  case 
of  beryl  this  ratio  is  a  :  c  »  1*00  : 0'409.  That  this  relationship  is  true  can  be  proved 
in  the  same  manner  as  in  the  case  of  the  tetragonal  system,  see  Art.  117,  p.  d3. 

IV.   ORTHORHOMBIC  SYSTEM 

(Rhombic  or  Prismatic  System) 

174.   Crystallographic  Axes.  —  The  ortharhombic  system  includes  all  the 
forms  which   are  referred  to  three   axes   at    right 
angles  to  each  other,  all  of  different  lengths. 

Any  one  of  the  three  axes  may  be  taken  as  the 
vertical  axis,  c.  Of  the  two  horizontal  axes  the 
loiter  is  always  taken  as  the  b  or  macro-axis  *  and 
when  orientated  is  parallel  to  the  observer.  The 
a  or  brachy-axis  is  the  shorter  of  the  two  horizontal 
axes  and  is  perpendicular  to  the  observer.     The  length  ^      ( ^ 

of  the  b  axis  is  taken  as  unity  and  the  lengths  of    

th^  other  axes  are  expressed  in  terms  of  it.  The 
axial  ratio  for  barite,  for  instance,  is  a  :  6  :  c  =  0'815 
:  rOO  :  1"31.  Fig.  296  shows  the  crystallographic 
axes  for  barite. 
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Orthorhombic  Axes 
(Barite) 
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(Orthorhombic  Bipyramidal  or  Holohedrcd   Class) 

176.  Symmetry.  —  The  forms  of  the  normal  class 
of  the  orthorhombic  system  are  characterized  by  three  axes  of  binary  sym- 
metry, which  directions  are  coincident  with 
the  crystallographic  axes.  There  are  also 
three  unlike  planes  of  symmetry  at  right 
angles  to  each  other  in  which  he  the  crystal- 
lographic axes. 

The  symmetry  of  the  class  is  exhibited  in 
the  accompanying  stereographic  projection, 
Fig.  297.  This  should  be  compared  with  Fig. 
91  (p.  53)  and  Fig.  167  (p.  77),  representing 
the  symmetry  of  the  normal  classes  of  the 
isometric  and  tetragonal  systems  respec- 
tively. It  will  be  seen  that  while  normal  iso- 
metric crystals  are  developed  alike  in  the 
three  axial  directions,  those  of  the  tetragonal 
type  have  a  like  development  only  in  the 
direction   of  the  two  horizontal   axes,   and 


S3amnetry  of  Normal  Class 
Orthorhombic  System 


*  The  prefixes  hrachy-  and  macro-  used  in  this  system  (and  also  in  the  triclinic  system) 
are  from  the  Greek  wonls,  fipaxOif  short,  and  tuxKpoi,  Umg, 
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those  of  the  orthorhombic  type  are  unlike  m  the  three  even  axial  directions. 
Compare  also  Figs.  92  (p.  54),  171  (p.  78)  and  298  (p.  122). 

176.  Fonns*  —  The  various  forms  possible  in  this  class  are  as  follows : 

^^  IndioQB 

1.  Macropinacoid  or  o^pinacoid (100) 

2.  Brachypinacoid  or  &-pinacoid (010) 

3.  Base  or  c-pinacoid (001) 

4.  Prisms (AftO) 

6.  Macrodomes (W)i) 

6.  Brachydomes (OfcZ) 

7.  Pyramids (A*0 

In  general,  as  defined  on  p.  31,  a  pinacoid  is  a  form  whoee  faces  are  parallel  to  two  of 
the  axes,  tiiat  is,  to  an  axial  plane;  a  prism  is  one  whose  faces  are  parallel  to  the  vertical 
axis,  but  intersect  the  two  horizontal  axes;  a  dome  *  (or  harizonial  prism)  is  one  whoee 
faces  are  paralldi  to  one  of  the  horizontal  axes,  but  intersect  the  vertical  axis.  A  pyramid 
is  a  form  whoee  faces  meet  all  the  three  axes. 

These  terms  are  used  in  the  above  sense  not  only  in  the  orthorhombic  system,  but  also 
in  the  monodinic  and  triclinic  systems;  in  the  last  each  form  consists  of  two  planes  only. 

177.  Pinacoids.  —  The  macropinacoid  includes  two  faces,  each  of  which 
is  parallel  both  to  the  macro-axis  b  and  to  the  vertical  axis  c;  their  indices 
are  respectively  100  and  lOO.  This  form  is  uniformly  designated  by  the 
letter  a,  and  is  conveniently  and  briefly  called  the  a-face  or  the  a-pinacoid. 

.The  brachypinacoid  includes  two  faces,  each  of  which  is  parallel  both  to 
the  brachy-axis  a  and  to  the  vertical  axis  c;  they  have  the  indices  010  and 
OlO.  This  form  is  designated  by  the  letter  b;  it  ia  called  the  b-face  or  the 
Ihpinacoid. 

The  base  or  basal  pinacoid  includes  the  two  faces  parallel  to  the  plane  of 
the  horizontal  axes,  and  having  the  indices  001  and  OOl.  This  form  is  desig- 
nated by  the  letter  c;  it  is  called  the  o-face  or  the  o-pinacaid. 

Each  one  of  these  three  pinacoids  is  an  open-form,t  but  together  they 
make  the  so-called  diametral  prismy  shown  in  Fig.  298,  a  solid  which  is  the 
analogue  of  the  cube  of  the  isometric  system.  Geometrically  it  cannot  be 
distinguished  from  the  cube,  but  it  differs  in  having  the  symmetry  unlike  in 
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Macro-,  Brachy-  and 
Basal  Pinacoids 


Prism  and  Basal 
Pinacoid 


the  three  axial  directions;  this  may  be  shown  by  the  unlike  ph3rsical  char- 
acter of  the  faces,  a,  b,  c,  for  example  as  to  luster,  striations,  etc. ;  or,  again, 
by  the  cleavage.    Further,  it  is  proved  at  once  by  optical  properties.    This 


*  From  the  Latin  damns f  because  resembling  the  roof  of  a  house;  cf.  Figs.  301,  302. 
t  See  p.  30. 
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diametral  prism,  as  just  stated,  has  three  pahs  of  unlike  faces.  It  has  three 
kinds  of  edges,  four  in  each  set,  parallel  respectively  to  the  axes  a,  b,  and  c; 
it  has,  further,  eight  similar  solid  angles.  In  Fig.  298  the  dimensions  are 
arbitrarily  made  to  correspond  to  the  relative  lengths  4)&the  chosen  axes, 
but  the  student  will  understand  that  a  crystal  of  this  shape  gives  no  informa- 
tion as  to  these  values. 

178.  Prisms.  —  The  prisms  proper  include  those  forms  whose  faces  are 
parallel  to  the  vertical  axis,  while  they  intersect  both  the  horizontal  axes; 
their  general  s3rmbol  is,  therefore,  (hkO).  These  all  belong  to  one  type  of 
rhorribic  prism,  in  which  the  interfacial  angles  corresponding  to  the  two  un- 
like vertical  edges  have  different  values. 

The  unit  prisma  (110),  is  that  form  whose  faces  intersect  the  horizontal 
axes  in  lengths  having  a  ratio  corresponding  to  the  accepted  axial  ratio  of 
a  :  b  f or  the  given  species;  in  other  words,  the  angle  of  this  unit  prism  fixes 
the  unit  lengths  of  the  horizontal  axes .  This  form  is  shown  in  combination 
with  the  basal  pinacoid  in  Fig.  299;  it  is  uniformly  designated  by  the  letter 
TO.     The  four  faces  of  the  unit  prism  have  the  indices  1 10,  IlO,  IIO,  iTO.    . 

There  is,  of  course,  a  large  number  of  other  possible  prisms  whose  inter- 
cepts upon  the,  horizontal  axes  are  not  proportionate  to  their  unit  lengths. 
These  may  be  divided  into  two  classes  as  follows:  macroprisms,  whose  faces 
lie  between  those  of  the  macropinacoid  and  the  unit  prism,  brachyprisms 
with  faces  between  those  of  the  brachypinacoid  and  the  unit  prism.  A 
macroprism  has  the  general  symbol  (hkff)  in  which  h  >  k  and  is  represented 
by  the  form  i(210),  Fig.  300.  A  brachyprism  has  the  general  symbol  (AAO) 
with  h  <  k  and  is  represented  by  n(120).  Fig.  300. 
301 
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179.  Macrodomes,  Brachydomes.  —  The  macrodames  are  forms  whose 
faces  are  parallel  to  the  macro-axis  6,  while  they  intersect  the  vertical  axis 
c  and  the  horizontal  axis  a;  hence  the  general  symbol  is  (hOl),  The  angle 
of  the  unit  macrodome,  (101),  fixes  the  ratio  of  the  axes  a  :  c.  This  form  is 
shown  in  Fig.  301  combined  (since  it  is  an  open  form)  with  the  brachypinacoid. 

In  the  macrodome  zone  between  the  base  c(OOl)  and  the  macropinacoid 
a(lOO)  there  may  be  a  large  number  of  macrodomes  having  the  symbols, 
taken  in  the  order  named,  (103),  (102),  (203),  (101),  (302),  (201),  (301).  etc. 
Cf.  Figs.  318  and  319  described  later. 

The  brachydomes  are  forms  whose  faces  are  parallel  to  the  brachy-axis,  a, 
while  they  intersect  the  other  axes  c  and  6;  their  general  symbol  is  (OW). 
The  angle  of  the  unit  brachydome,  (Oil),  which  is  shown  with  a(lOO)  in 
Fig.  302,  determines  the  ratio  of  the  axes  6  :  c. 

The  brachydome  zone  between  c(OOl)  and  6(010)  includes  the  forms 
(013),  (012),  (023),  (Oil),  (032),  (021),  (031),  etc.     Cf.  Figs.  318  and  319. 
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Both  sets  of  domes  are  often  spoken  of  as  horizanial  prisms.  The  pro- 
priety of  this  expression  is  obvious,  since  they  are  in  fact  prisms  in  geo- 
metrical form;  fmther,  the  choice  of  position  for  the  axes  which  makes 
them  domes,  instevl  of  prisms  in  the  narrower  sense,  is  more  or  less  arbitrary, 
as  already  explained  elsewhere. 

180.  Pyramids.  —  The  pyramids  in  this  system  all  belong  to  one  type, 
the  double  rhombic  pyramid^  bounded  by  eight  faces>  each  a  scalene  triangle. 
This  form  has  three  kinds  of  edges,  x,  y^  z  (Fig.  303),  each  set  with  a  different 
interfacial  angle;  two  of  these  angles  suffice  to  determine  the  axial  ratio. 
The  symbol  for  this,  the  general  form  for  the  system,  is  (hkl). 

The  pyramids  may  be  divided  into  three  groups  corresponding  respec- 
tively to  the  three  prisms  just  described,  namely,  unit  pyramids,  macro- 
pyramids,  and  brachypyramids. 

The  unit  pyramids  are  characterized  by  the  fact  that  their  intercepts  on 
the  horizontal  axes  have  the  same  ratio  as  those  of  the  unit  prism;  that  is, 
the  assumed  axial  ratio  (a  :  b)  for  the  given  species.  For  them,  therefore, 
the  general  symbol  becomes  (hhl). 

There  may  be  different  unit  pyramids  on  crystals  of  the  same  species 
with  different  intercepts  upon  the  vertical  axis,  and  these  form  a  zone  of  faces 
lying  between  the  base  c(OOl)  and  the  unit  prism  m(llO).  This  zone  would 
include  the  forms,  (119),  (117),  (115),  (114),  (113),  (112),  (111).  In  the 
sjrmbol  of  all  of  the  jforms  of  this  zone  A  =  fc,  and  the  lengths  of  the  vertical 
axes  are  hence,  in  the  example  given,  i,  \y  i,  },  ^,  ^  of  the  vertical  axis  c  of 
the  unit  pyramid. 

The  macropyramids  and  hrachypyramids  are  related  to  each  other  and  to 
the  imit  pyramids,  as  were  the  macroprisms  and  brachyprisms  to  themselves 
and  to  the  unit  prism.  Further,  each  vertical  zone  of  macropyramids  (or 
brachypyramids),  having  a  common  ratio  for  the  horizontal  axes  (or  of  fc  :  A 
in  the  symbol),  belongs  to  a  particular  macroprism  (or  brachyprism)  char- 
acterized by  the  same  ratio.  Thus  the  macropyramids  (214),  (213),  (212), 
(421),  etc.,  all  belong  in  a  common  vertical  zone  between  the  base  (001)  and 
the  prism  (210).  Similarly  the  brachypyramids  (123),  (122),  (121),  (241), 
etc.,  fall  in  a  common  vertical  zone  between  (001)  and  (120). 
181.  Illustrations.  —  The   following   figures   of   barite   (304-311)    give 
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Barite  Crystals 

excellent  illustrations  of  crystals  of  a  typical  orthorhombic  species,  and  show 
also  how  the  habit  of  one  and  the  same  species  may  vary.  The  axial  ratio 
for  this  species  is  a  :  6  :  c  =  0*815  : 1  :  1*314.     Here  d  is  the  macrodomc 
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(102)  and  o  the  brachydome  (Oil);  m  is,  as  always,  the  prism  (110).  Figs. 
304-307  and  309  are  described  as  tabular  i|  c;  Fig.  308  is  prismatic  in  habit 
in  the  direction  of  the  macro-axis  (ft),  and  310,  311  prismatic  in  that  of  the 
brachy-axis  (a). 

Figs.  312-314  of  native  sulphur  show  a  series  of  crystals  of  pyramidal 
habit  with  the  dome  n(011),  and  the  pyramids  p(lll),  8(113).  Note  n  trun- 
cates the  terminai  edges  of  the  fundamental  pyramid  p.     In  general  it  should 
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Figa.  ai6-318,  Topu 


be  remembered  that  a  macrodome  truncating  the  edge  of  a  pyramid  must 
Lave  the  same  ratio  of  h  :l;  thus,  (201)  truncates  the  edge  of  (221),  etc. 
Similarly  of  the  brachydomes:  (021)  truncates  the  edge  of  (221),  etc.  Cf. 
Figs.  319-321. 

Again,    Fig.  315,    of   staurolite,  shows   the  3^9 

pinacoids  fc(010),    c(001),    the   prism  m(llO), 
aod  the  macrodome  r(lOl). 

Figa.    316-318    are    prismatic    crystals    of 
topai.     Here  mis  the  prism  (110);  (and  n 
are  the  prisms  (120),  (140);  d  and  p  are  the  / 
macrodomes  (201)  and  (401);  /and  y  are  the  j 
brachydomes  (021)  and  (041);  i,  u,  and  o 
the  pyramids  (223),  (111),  (221). 

182.  Projections.  —  Basal,  stereographic, 
and  gnomonic  projections  are  given  in  Figs. 
319-320O,  on  pp.  125, 126, 127  for  a  crystal  of  the 
species  topaz.     Fig.  319  is  the  basal  projection  Topaa 


126 


CRTSTALLOGRAPHT 


of  the  crystal  shown  in  nig.  318.    Figs.  320  and  320a  give  the  stereographic 
and  gnomonic  projections  of  these  forms  present  upon  it. 
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Stereographic  Projection  Topaz  Crystal 


2.  HEMIMORPHIC  CLASS  (26).    CALAMINE  TYPE 

{Orthorhombic  Pyramidal  Class) 

183.  Class  Symmetry  and  Typical  Forms.  —  The  forms  of  the  ortho- 
rhonibio-hemimorphic  class  are  characterized  by  two  unlike  planes  of  sym- 
metry and  one  axis  of  binary  synmietry,  the  line  in  which  they  intersect; 
there  is  no  center  of  symmetry.  The  forms  are  therefore  .hemimorphic,  as 
defined  in  Art.  29.  For  example,  if,  as  is  usuaUy  the  case,  the  vertical  axis 
is  made  the  axis  of  symmetry,  the  two  planes  of  symmetry  are  parallel  to  the 
pinacoids  a(lOO)  and  b(OlO).  The  prisms  are  then  geometrically  hke  those 
of  the  normal  class,  as  are  also  the  macropinacoid  and  brachypinacoid; 
but  the  two  basal  planes  become  independent  forms,  (001)  and  (001 ).  .  There 
are  also  two  macrodomes,  (101)  and  (101),  or  in  general  (hOl)  and  (hOi);  and 
similarly  two  sets,  for  a  given  symbol,  of  brachydomes  and  pyramids. 

The  general  symmetry  of  the  class  is  shown  in  the  stereographic  projec- 
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tion,  Fig.  321.  Further,  Figs.  322,  of  calamine,  and  323,  of  struvite,  represent 
typical  crystals  of  this  class.  In  Fig.  322  the  forms  present  are  1(301),  t(031), 
t;(12l);  in  Fig.  323  they  are  «(101),  «i(10l),  ^(Oll). 

3.  SPHENOIDAL  CLASS  (27).    EPSOMITE  TYPE. 
(Qrthorhombic  Bisphenaidal  Class) 

184.  Symmetry  and  Typical  Forms.  —  The  forms  of  the  remaining 

884  820  class  of   the  system,  the  artho- 

.i,  rhombio-sphenoidal  class,  are  char- 

acterized by  three  milike  rec- 
tangular axes  of  binary  synune- 
try  which  coincide  with  the  crys- 
tallographic  axes,  but  they  have 
no  plane  and  no  center  of  sym- 
metry (Fig.  324).  The  general 
form  hkl  here  has  four  faces  only, 
and  the  corresponding  solid  is  a 
rhombic  sphenoid,  analogous  to 
.^....-'  — *^  the  sphenoid  of  the  tetragonal 

1^        ,  ,  /^  ^     *  system.  The  complementary  pos- 

Symmetry  of  Sphenoidal  Cla«  Epsomite       j^j^^  ^^j  negative  sphenoids  are 

enantiomorphous.  Fig.  325  represents  a  typical  crystal,  of  epsomite,  with 
the  positive  sphenoid,  ^(lll).  Other  crystals  of  this  species  often  show 
both  positive  and  negative  complementary  forms,  but  usually  imequally 
developed.  • 

Mathematical  Relations  of  the  Orthobhombic  System 

185.  Choice  of  Axes,  y-  As  explained  in  Art.  176,  the  three  crystallographic  axes  are 
fixed  as  regards  direction  in  all  orthorhombic  crystals,  but  any  one  of  them  may  be  made 
the  verbictu  axis,  c;  and  of  the  two  horizontal  axes,  which  is  the  longer  (6)  and  which  the 
shorter  (a)  cannot  be  determined  until  it  is  decided  which  faces  to  assume  as  the  funda- 
mental, or  imit^  pjrramid,  prism,  or  domes. 

The  choice  is  generally  so  made,  in  a  given  case,  as  to  best  bring  out  the  relation  of  the 
crystals  of  the  species  in  hand  to  others  allied  to  them  in  form  or  in  chemical  composition, 
or  in  both  respects;  or,  so  as  to  make  the  cleavage  parallel  to  the  fundamental  form;  or,  as 
suggested  by  the  common  habit  of  the  crystals,  or  other  considerations. 

186.  Anal  and  Angular  Elements.  —  The  axial  elements  are  given  by  the  ratio  of  the 
lengths  of  the  three  axes  in  terms  of  the  macro-axis,  b,  as  unity.  For  example,  with  barite 
the  axial  ratio  is 

a  :  6  :  c  -  0'81520  :  1  :  1-31359. 

The  angtdar  dements  are  usually  taken  as  the  angles  between  the  three  pinacoids  and 
the  unit  faces  in  the  three  zones  between  them.    Thus,  again  for  barite,  these  elements  are 

100  A  110  -  39**  11'  13",    001  A  101  -  58**  10'  36",    001  A  Oil  -  52**  43'  8". ' 

Two  of  these  angles  obviously  determine  the  third  angle  as  well  as  the  axial  ratio.  The 
degree  of  accuracy  to  be  attempted  in  the  statement  of  the  axial  ratio  depends  upon  the 
character  of  the  fundamental  measurements  from  which  this  ratio  has  been  deduced.  There 
is  no  good  reason  for  giving  the  values  of  a  and  c  to  many  decimsd  places  if  the  probable 
error  of  the  measurements  amounts  to  many  minutes.  In  the  above  case  the  measurements 
(by  Helmhacker)  are  supposed  to  be  accurate  within  a  few  seconds.  It  is  convenient,  how- 
ever, to  have  the  angular  elements  correct,  say,  within  10",  so  that  the  calculated  angles 
obtained  from  them  will  not  vary  from  those  derived  direct  from  the  measured  angles  bv 
more  than  30"  to  1'. 
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187.  CalCTilation  of  the  Axes.  —  The  following  simple  relations  (cf .  Art.  48)  connect  the 
axes  with  the  angular  elements: 

tan  (100  A  110)   -  a,    tan  (001  A  Oil)  =  c,    tan  (001  A  101)  -  - 


m   m 


Stibnite 
tan  (001 


These  equations  serve  to  opve  either  the  axes  from  the 'angular  elements, 
or  the  angular  elements  from  the  axes.  It  will  be  noted  that  the  axes  are  not 
needed  for  simple  purposes  of  calculation,  but  it  is  still  important  to  have 
them,  for  example  to  use  in  comparing  the  morphological  relations  of  aUied 
species* 

In  practice  it  is  easy  to  pass  from  the  measured  angles,  assumed  as  the 
basis  of  calculation  (or  deduced  from  the  observations  by  the  method  of 
least  squares),  to  the  angular  elements^  or  from  either  to  any  other  angles 
by  the  application  of  the  tangent  principle  (Art.  49)  to  the  pinacoidal  zones, 
and  h}[  the  solution  of  the  right-angled  spherical  triangles  given  on  the  sphere 
of  projection. 

Thus  any  face  hkl  lies  in  the  three  zones,  100  and  OHf  010  and  /lO/,  001 
and  hkO.  For  example,  the  position  of  the  face  312  is  fixed  if  the  positions 
of  two  of  the  poles,  302, 012,  310,  are  known.  These  last  are  given,  respec- 
tively, by  the  equations 

tan  (001  A  302)   -  |  x  tan  (001  A  101), 

A  012)  =  I  X  tan  (001  A  Oil)     tan  (100  A  310)   -  J   x  tan  (100  A  110). 


327 
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188.  ExampLe,  —  Fig.  328  represents  a  crystal  of  stibnite  from  Japan  and  Fig.  327 
the  stereographic  projection  of  its  forms,  p(lll),  r(343),  i7(353),  cos(5'10'3),  m(llO)  and 
6(010).    On  this  tne  following  measured  angles  were  taken  as  fundamental: 

W    (353  A  553)  =  55**    1'  0", 

W"  (353  A  353)  =  99**  39'  0". 

Hence,  the  angles  353  A  010  =  40**  lOJ'  and  353  A  053  =  27**  30i'  are  known  with- 
out calculation.  The  right-angled  spherical  triangle  *  010*053*353  yields  the  angle 
(010  A  053)  and  hence  (001  A  053);  also  the  angle  at  010,  which  is  equal  to  (001  A  101). 
But  tan  (001  A  Oil)  =  |  x  tan  (001  A  053),  and  tan  (001  A  Oil)  =  c.    Also,  since  tan 

(001  A  101)  "=  -,  the  axial  ratio  is  thus  known,  and  two  of  the  angular  elements. 

The  third  angular  element  (001  A  110)  can  be  calculated  independently,  for  the  angle 
at  001  in  the  triangle  001053*353  is  equal  to  (010  A  350)  and  tan  (010  A  350)  x  f  =^ 
(010  A  110),  the  complement  of  (100  A  llO). 

Then  since  tan  (100  A  110)  =  a,  this  can  be  used  to  check  the  value  of  a  already 
obtained.  The  further  use  of  the  tangent  principle  with  the  occasional  solution  of  a  right- 
angled  triangle  will  serve  to  give  any*  desired  angle  from  either  the  fundamental  angles 
direct,  or  from  the  angular  elements. 

Again,  the  symbol  of  any  unknown  face  can  be  readily  calculated  if  two  measured 
angles  of  tolerable  accuracy  are  at  hand.  For  example,  for  the  face  »,  suppose  the  meas- 
ured angles  to  be 

bw  (010  A  hid)  =  30"  15',     a)«'  (WW  A  Kkl)  -  51**  32'. 

The  solution  of  the  triangle  ha'Okl  gives  the  angle  (010  A  Old)  ^  16**  25'  20",  and 

tan  (001  A  Okl)  ^  tan  73**  34|'  ^  «.«««,         * 
tan  (001  A  Oil)      tan  45**  304'  "  I  ' 

But  the  ratio  of  k  :  I  must  be  rational  and  the  number  derived  agrees  most  closely  with 
10:3. 

Again,  the  angle  (001  A  hOl)  may  now  be  calculated  from  the  same  triangle  and  the 
value  59°  38 f  obtained.    From  this  the  ratio  of  ^  to  2  is  derived  since 

tan  (001  A  hop  ^  tan  59**  38^  _    ^^^  ^  h 
tan  (001  A  101)      tan  45**  43i'  l' 

This  ratio  is  nearly  equal  to  5  :  3,  and  the  two  values  thus  obtained  give  the  symbol  5' 10*3 • 
If,  however,  from  the  triangle  001'  OH'taj  the  angle  at  001  is  calculated,  the  value  26**  42}' 
is  obtained,  which  is  also  the  angle  (010  A  hkO).    From  this  the  ratio  k  :  kis  deduced,  since 

tan  (010  A  110)  ^  tan  45**  12t'  ^  k 

tan  (010  AhkO)      tan  26**  42}'      ^^^'^  f^' 

k  ik      10\ 

The  value  of  r  is  hence  closely  equal  to  2;  this  combined  with  that  first  obtained  (  r  —  -^  j 

gives  the  same  symbol  5*10*3. 

This  symbol  being  more  than  usually  complex  calls  for  fairly  accurate  measurements. 
How  accurate  the  symbol  obtained  is  can  best  be  judged  by  comparing  the  measured  angles 
with  those  calculated  from  the  symbol.  For  example,  in  the  given  case  the  calculated 
an^es  for  a)(510*3)  are  6a>miO  A  510*3)  «  30**  16',  a)«'(5*10*3)  =  51**  35'.  The  correctness 
of  the  value  deduced  is  further  established  if  it  is  foimd  that  the  given  face  falls  into 
prominent  zones. 

It  will  be  understood  further  that  the  zonal  relations,  explained  on  pp.  45-47,  play  an 
important  part  in  all  calculations.  For  example,  in  Fig.  326,  if  the  symbol  of  r  were  un- 
known, it  could  be  obtained  from  a  single  angle  (as  br),  since  for  this  zone  A  »  2. 

189.  Formulas.  —  Although  it  is  not  often  necessary  to  employ  formulas  in  calculations, 
a  few  are  added  here  for  sake  of  completeness.  Here  a  and  c  in  the  formulas  are  the  lengths 
of  the  two  axes  a  and  c. 


♦  The  student  in  this  as  in  every  similar  case  should  draw  a  projection,  cf.  Fig.  327 
(not  necessarily  accurately  constructed),  to  show,  if  only  approximately,  the  relative  posi- 
tion of  the  faces  present. 
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(1)  For  the  distance  between  the  pole  of  any  face  P(^)  and  the  pinaooids  a,  h,  c,  we 
haire  in  general: 

ooe' P«  -  «««  (*«  A  100)  -  ^^^fe^y^p^.; 

«»•  P6  -  coB»  (fc«  A  010)  -  ^^^^^^^p^,; 

Pa* 
«»•  PC  -«»•(*«  A  001)  =  ft^+fc^^^  +  ft,,- 

(2)  For  the  distance  (PQ)  between  the  poles  of  any  two  faces  {hkl)  and  (jpqr) 

hpc*  +  kqd*€*  +  Ira* 

COB  PO   =  ^^  ^ 

190.  To  determine,  by  plotting;,  the  axial  ratio  of  an  orthorhombic  crystal,  having  given 
the  stereographic  projection  of  its  forms.  In  order  to  solve  this  problem  it  is  necessary 
that  the  position  of  the  pole  of  a  pyramid  face  of  known  indices  be  given  or  the  position 
of  the  faces  of  a  prism  and  one  dome  or  of  both  a  macro-  and  a  brachydome.  For  illus- 
tration it  is  assmned  that  a  crystal  of  barite^  such  as  represented  in  Fig.  305.  has  been 
measured  on  the  goniometer  and  the  poles  of  its  faces  plotted  in  the  stereograpnic  projec- 
tion. The  lower  right-  ^^ 
hand  guadrant  of  this  ^^ 
projection  is  shown  in  Fig. 
328.  The  forms  present 
are  common  ones  on  bar- 
Ite  crystaJs  and  have 
been  given  the  symbols, 
TO(llO),  d(102),  0(011). 
c(OOl).  The  ratio  of  a  :  6 
can  be  determined  readily 
from  the  position  of  the 
pole  m(llO).  A  radial 
line  is  drawn  to  the  pole 
of  the  face  and  then  a 
perpendicular  erected  to 
It  from  the  end  of  tlie  line 
representing  the  b  crys- 
tallographic  axis.  The 
intercept  of  this  perpen- 
dicular on  the  line  repre- 
senting the  a  axis,  when 
expreeeed  in  terms  of  the 
asumed  unit  length  of 
the 6 axis,  ^ves  theiength 
of  a.  It  IS  to  be  noted 
that  the  fact  that  this 
hne  in  the  present  case 
passes  very  nearly  throush 
the  pole  111  is  whofly 
accidental.  The  length 
of  the  vertical  axis  can 
be  determined  from  the 
position  of  the  pole  of 
either  d(102)  or  o(Oll). 
The  construction  used  is 
oven  in  the  upper  left- 
hand  quadrant  of  the 
^gure.  If  the  brachydome,  o(Oll),  is  used  the  sloping  line  that  gives  the  inclina- 
tion of  the  face  is  started  from  a  distance  on  the  horizontal  line  equivalent  to  the  length 
of  the  b  axis,  or  1,  and  its  interce{)t  on  the  c  axis  will  equal  the  unit  length  of  that  axis. 
If,  however,  the  position  of  d(i02)  is  used  the  base  line  of  the  triangle  must  be  made  equal 
to  the  unit  length  of  the  a  axis  as  already  established  and  the  intercept  on  the  c  axis  will 
equal  J  of  the  tatter's  unit  length. 
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The  problem  could  have  been  wholly  solved  from  the  position  of  the  pyramid  face,  111, 
if  that  form  had  been  present  on  the  crystal.  The  construction  in  this  case  is  also 
illustrated. 

191.  To  determine,  by  piottiiig,  the  indices  of  a  lace  upon  an  orthorhombic  crystal, 

^^  given    the    position    of    its 

^^  pole  upon  the  stereographlc 

projection  and  the  axill  rado 
of  the  mineral.  To  illuouate 
this  problem  it  is  assumed 
that  the  position  of  the 
pole  in  the  stereographic 
projection  of  the  face  o,  ri^. 
329,  upon  a  topaz  crystal  l«( 
known.  First  draw  a  radial 
line  through  the  pole  o.  Next 
erect  a  perpendicular  to  this 
line,  startmg  it  from  the 
distance  selected  as  repre- 
senting 1  on  the  b  crystallo- 
graphic  axis.  The  intercept 
of  this  line  upon  the  line 
representing  the  a  axis  when 
expressed  m  terms  of  the 
unit  length  of  the  b  axis  is 
0*53.  This  is  equivalent  to 
the  established  imit  length 
of  the  a  axis  and  therefore 
the  parameters  of  the  face  o 
on  the  horizontal  crystallo- 
graphic  axes  are  la,  lb.  Next 
the  distance  Q-P  is  transfer- 
red into  the  upper  left-hand 
quadrant  of  the  figure.  The 
position  of  the  normal  to  the  face  is  determined  bv  measuring  with  a  protractor  tne  angular 
distance  between  O  and  o.  The  line  giving  the  slope  of  the  face  is  next  drawn  perpendicu- 
lar to  this  normal  and  its  intercept  upon  the  line  representing  the  vertical  axis  determined. 
This  distance  when  expressed  in 


terms  of  the  length  of  the  b  axis  is 
0*95.  This  is  twice  the  established 
length  of  the  c  axis  fO'476)  and 
consequently  the  third  parameter 
of  the  face  o  is  2c.  This  gives  the 
indices  221  for  the  face. 

192.  To  determine,  by  plotting, 
the  axial  ratio  of  an  orthorhombic 


830 


crystal  having  given  the  gnomonic 
projection  of  its  forms.  To  illus- 
trate this  problem  the  gnomonic 
projection  of  the  crystal  of  topaz 
already  given  in  Fig.  320a  will  be 
used.  In  Fig.  330  one  quadrant 
of  this  projection  is  reproduced. 
From  each  pole  lines  are  drawn 
perpendicular  to  the  two  lines 
representing  the  a  and  b  crvstal- 
lographic  axes.  It  will  be  found 
timt  the  intercepts  made  in  this 
way  upon  the  a  axis  have  rational 
relations  to  each  other.  The  same 
is  true  of  the  intercepts  upon 
the  b  axis.  The  intercepts  upon 
the  two  axes,  however,  are 
irrational  in  respect  to  each  other.  A  convenient  intercept  upon  each  axis  is  chosen  as  1 
and  the  other  intercepts  upon  that  axis  are  then  expressed  in  terms  of  this  length.    Of 
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course  with  a  known  minerali  whose  forms  have  already  had  indices  assigned  to  them, 
the  intercept  that  shall  be  considered  as  1  is  fixed. 

If  we  take  r  as  equivalent  to  the  radius  of  the  fundamental  circle  of  the  projection, 
q  as  equal  to  the  chosen  intercept  upon  the  h  crystallographic  axis  and  p  that  upon  the 
a  axis,  then  the  aadal  ratio  can  be  derived  from  the  foUowing  expressions: 

b      r .     a      r 


c      q       c      p 

The  proof  of  these  relationships  is  similar  to  that  already  given  under  the  Tetragonal 
System,  Art.  117,  p.  93. 

193.  To  determine,  by  plotting,  the  indices  of  a  face  upon  an  orthorhombic  crystal, 
given  tilie  position  of  its  pole  upon  me  niomonic  projection  and  the  axial  ratio  of  the  min- 
end.  The  method  of  construction  in  tnis  case  is  the  reverse  of  that  ffven  in  the  nroblem 
above  and  is  essentially  the  same  as  given  under  the  Isometric  and  Tetragonal  systems. 
Alts.  84  and  118.  In  the  case  of  an  orthorhombic  mineral  the  intercepts  of  tne  perpendicu- 
lars drawn  from  the  pole  of  the  face  to  the  a  and  b  axes  must  be  expressed  in  each  case  in 
terms  of  the  unit  intercept  on  that  axis.  These  values,  p  and  q,  can  be  determined  from  the 
equations  given  in  the  preceding  problem. 


V.   MONOCLINIC  SYSTEM 

(Oblique  System) 

194.  Ciystallographic  Axes.  —  The  numoclinic  systen 
forms  which  are  referred  to  three  33^ 

unequal  axes,  having  one  of  their  o 

axial  inclinations  obBque. 

The  axes  are  designated  as 
follows:  the  inclined  or  clino-axis 
is  a;  the  ortho-axis  is  6,  the  ver- 
tical axis  is  c.  The  acute  angle 
between  the  axes  a  and  c  is  rep- 
resented by  the  letter  /3;  the 
angles  between  a  and  b  and  b  and  c 
are  right  angles.  See  Fig.  33L 
When  properly  orientated  the 
inclined  axis,  a,  slopes  down  toward 
tiie  observer,  the  b  axis  is  hori- 


Ciystal  Axes  of  Orthoclase 
o:  6:  c=0*66: 1:0*55.  /3=64'* 


zontal  and  parallel  to  the  observer  and  the  c  axis  vertical. 


Symmetry  of  Normal  Class 


1.  NORMAL  CLASS  (28).    GYPSUM  TYPE 

(Prismatic  or  Holohedral  Class) 

196.  Symmetry.  —  In  the  normal  class  of  the 
monoclinic  system  there  is  one  plane  of  sym- 
metry and  one  axis  of  binary  symmetry  normal 
to  it.  The  plane  of  symmetry  is  always  the 
plane  of  the  axes  a  and  c,  and  the  axis  of  sym- 
metry comcides  with  the  axis  b,  normal  to  this 
plane.  The  position  of  one  axis  (b)  and  that  of 
the  plane  of  the  other  two  axes  (a  and  c)  is  thus 
fixed  by  the  symmetry;  but  the  latter  axes  may 
occupy  different  positions  in  this  plane.  Fig.  332 
shows  the  typical  stereographic  projection,  pro- 


jected on  the  plane  of  symmetry.   Figs.  347^  348  are  the  projections  of  an  actual 
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cr3rstal  of  epidote;  here,  as  is  usual,  the  plane  of  projection  is  normal  to  the 
prismatic  zone. 

196.  Forms.  —  The  various  forms  *  belonging  to  this  class,  with  their 
symbols,  are  given  in  the  following  table.  As  more  particularly  explained 
later,  an  orthodome  includes  two  faces  only,  and  a  pyramid  four  only. 

Symbob 

1.  Orthopinacoid  or  a-pinacoid (100) 

2.  Clinopinacoid  or  &-pinacoid (010) 

3.  Base  or  opinacoid (001) 

4.  Prisms (AfcO) 

6.  Orthodomes j  [^^5 

6.  Clinodomes ! . .     (Okl) 

7-Py-™id« ; US 

197.  Pinacoids.  —  The  pinacoids  are  the  orthopinacoid,  clinopinacoid, 
and  the  basal  plane. 

The  orihopinacoidy  (100),  includes  the  two  faces  parallel  to  the.  plane  of 
the  ortho-axis  b  and  the  vertical  axis  c.  They  have  the  indices  100  and  TOO. 
This  form  is  designated  by  the  letter  a,  since  it  is  situated  at  the  extremity  of 
the  a  axis;  it  is  hence  conveniently  called  the  a-face  or  a-pinacoid. 

The  clinopinacoid,  (010),  includes  the  two  faces  parallel  to  the  plane  of 
S3nmmetry,  that  is,  the  plane  of  the  clino*axis  a  and  the  axis  c.  They 
have  the  indices  010  and  OTO.  The  clinopinacoid  is  designated  by  the  letter 
b,  and  is  called  the  Ihface  or  h-pinacoid. 

The  base  or  hasal  pinacoid,  (001),  includes  the  two  terminal  faces,  above 
and  below,  parallel  to  the  plane  of  the  axes  a,  b;  they  have  the  indices  001 
and  OOl.  The  base  is  designated  by  the  letter  c,  and  is  often  called  the 
c-face  or  c-^pinacoid.  It  is  obviously  inclined  to  the  orthopinacoid,  and  the 
normal  angle  between  the  two  faces  (100  A  001)  is  the  acute  axial  angle  fi. 

833 


/             !">«^ 
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100/ 

010 

/  ■■ 

/ 

101 
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101 


Ortho-,  Clino- 
and  Basal  Pinacoids 


Prism  azkd 
Basal  Pinacoid 


Orthodomes 
and  Clinopinacoid 


The  diametral  prism,  formed  by  these  three  pinacoids,  taken  together, 
Fig.  333,  is  the  analogue  of  the  cube  in  the  isometric  system.  It  is  bounded 
by  three  sets  of  unlike  faces;  it  has  four  similar  vertical  edges;  also 
four  similar  edges  parallel  to  the  axis  a,  but  the  remaining  edges,  parallel 
to  the  axis  6,  are  of  two  sets.    Of  its  eight  solid  angles  there  are  two  sets  of 


*  On  the  general  use  of  the  terms  pinacoid,  prisms,  domes,  pyramids,  see  pp.  31,  122. 
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four  each;   the  two  above  in  front  are  similar  to  those  below  behind,  and 
the  two  below  in  front  to  those  above  in  behind, 

198.  Prisms.  —  The  prisms  are  all  of  one  type,  the  oblique  rhombic 
prism.  They  may  be  divided  into  three  classes  as  follows:  the  unit  prism, 
(110),  designated  by  the  letter  m,  shown  in  Fig.  334;  the  orthoprisms,  (hkff), 
where  h  >  k,  lying  between  a(100)  and  m(llO),  and  the  dinoprisms,  (hkO) 
where  h  <  k,  lying  between  m(llO)  and  6(010).  The  orthoprisms  and  clino- 
prisms  correspond  respectively  to  the  macroprisms  and  brachyprisms  of  the 
orthorhombic  system,  and  the  explanation  on  p.  123  will  hence  make  their  rela- 
tion clear.    Common  cases  of  these  prisms  are  shown  in  the  figures  given  later. 

199.  Orthodomes.  —  The  four  faces  parallel  to  the  ortho-axis  b,  and 
meeting  the  other  two  axes,  fall  into  two  sets  of  two  each,  having  the  general 
symbols  (hOl)  and  (hOl).  These  forms  are  called  orthodomes;  they  are  strictly 
hemiorthodomes.  For  example,  the  unit  orthodome  (101)  has  the  faces  101 
and  Tol;  they  would  replace  the  two  obtuse  edges  between  a(100)  and  c(OOl) 
in  Fig.  333.  The  other  unit  orthodpme  (TOl)  has  the  faces  lOl  and  lOl,  and 
they  would  replace  the  acute  edges  between  a(lOO)  and  c(OOl).  These  two 
independent  forms  are  shown  together,  with  6(010),  in  Fig.  335. 

Similarly  the  faces  201,  20l  belong  to^the  form  (201),  and  201,  20l  to  the 
independent  but  complementary  form  (201). 

200.  CUnodomes.  —  The  dinodames  are  the  forms  whose  faces  are 
parallel  to  the  inclined  axis,  a,  while  intersecting  the  other  two  axes.  Their 
general  symbol  is  hence  (Okl)  and  they  lie  between  the  base  (001)  and  the 
clinopinacoid  (010).  Each  form  has  four  faces;  thus  for  the  unit  clinodome 
these  have  the  symbols,  Oil,  OTl,  Oil,  Oil.  The  form  n(021)  in  Fig.  342  is 
a  clinodome. 

201.  Pyramids.  —  The  pyramids  in  the  monoclinic  system  are  all  hemi- 
pyramids,  embracing  four  faces  only  in  each  form,  corresponding  to  the 
general  symbol  {hkl)  This  obviously  follows  from  the  symmetry;  it  is 
shown,  for  example,  in  the  fact  already  stated  that  the  solid  angles  of  the 
diametral  prism  (Fig.  333,  see  above),  which  are  replaced  by  these  pyramids, 
fall  into  two  sets  of  four  each.  Thus  any  general  symbol,  as  (321),  includes 
the  two  independent  forms  (321)  and  (321)  with  the  faces 

321,        321,        32T,        32T,        and        321,        321.  .     321,        32T. 

The  pyramids  may  also  be  divided  into  three  classes  as  unit  pyramids, 
(hhl);  orihopyramids,  (AAZ),  when  h  >  k;  or  dinopyramidSj  (hkl),  when  h  <  k. 
These  correspond    respec- 
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lively  to  the  three  prisms 

■already  named.    They  are 

analogous  also  to  the  unit 

pryamids,  macropyramids, 

amf  brachypyramids  of  the 

orthorhombic  system,  and 

the  explanation  given  on 

p.   124,   should   serve    to 

make  their  relations  clear. 

But  it  must  be  remembered 

that  each  general  symbol  Pyroxene 

embraces  two  forms,  (hhl) 

and  {fik[)  with  four  faces  each,  as  above  explained. 
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202.  niustrationB.  —  Figs.  336-339  of  pyroxeoe  {a  :  b  :  c  =  1*092  : 1  : 
0589, e  =  74°  =  a(lOO)  A  c{001))  show  typical  monoclinic  forms.  Fig.  336 
shows  the  diametral  priam.  Of  the  other  forms,  m  is  the  unit  prism  (110); 
p(IOl)  is  an  orthodome;  u(lll),  i'(221),  s(lU)  are  pyraniids;  for  other 
figures  see  p.  475.  Again,  Figs.  340-342  represent  common  crystals  of 
orthociase  la  -.b.c  =  0'659  :  1  :  0'555,  j3  =  64°).  Here  2(130)  is  a  prism; 
z(l01)  and  vC^^)  areorthodomes;  n(CK21)  is  a  clinodome;  o(lll)  a  pyramid. 
Since  (Fig.  340)  c  and  x  happen  to  make  nearly  equal  angles  with  the  vertical 
edge  of  the  prism  m,  the  combination  often  simulates  an  orthorhombic 
crystal. 

sw 


^iiiy 


Orthodaee 


Fig.  343  shows  a  monoclinic  crystal,  epidote,  prismatic  in  the  direction  of 
the  ortho-axis;  the  forms  are  a(lOO),  c(OOl),  r(lOl)  and  n(lll).  Fig.  344 
of  gypsum  is  flattened  ||  b(OlO);  it  shows  the  unit  pyramid  2(111)  with  the 
unit  prism  m(llO). 


Epidote 


Gypsum 


203.  Projections.  —  Fig.  345  shows  a  projection  of  a  crystal  of  epidote 
(cf.  Fig.  897,  p.  531)  on  a  plane  normal  to  the  prismatic  zone,  and  Fig.  346 
one  of  a  similar  crystal  on  a  plane  parallel  to  6(010) ;  both  should  be  care- 
fully studied,  as  also  the  stereographic  and  gnomonic  projections  of  the  same 
species,  Figs.  347,  348.  The  symbols  of  the  prominent  faces  are  given  in 
the  latter  Sguree. 


Stereogrophic  Projection  of  Epidote  Crystal 
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Gnomonic  Projection  of  Epidote  Crystal 
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2.  HEMIMORPHIC  CLASS  (29).    TARTARIC  ACID  TYPE 

{Spbetwid(U  Claaa) 
SM.  The  moRodinio-hemimorphic  ctass  is  characterized  by  a  single  axis 
of  binary  symmetry,   the 
**•  **>  crystallc^raphic  axis  b,  but 

M  it  has  no  plane   of  s^'m- 

metry.  It  is  illustrated 
by  the  stereo^raphic  pro- 
jection (Fig.  349)  made 
upon  a  plane  parallel  to 
6(010).  F^.  350  shows  a 
common  form  of  teirtaric 
acid;  sugar  crystals  also 
belong  here.  The  bemi- 
morphic  character  is  dis- 
tinctly shown  in  the 
ff  distribution  of  the   clino- 

Symmetry  of  HemimorphJi; Claw  Tartaric  Acid  domes  and  pyramids;  cor- 

responding    to    this    the 
artificial  salts  belonging  here  often  exhibit  marked  pyroelectrical  pheno- 


3.  CLINOHEDRAL  CLASS  (30).  CLINOHEDRITE  TYPE 
(DomaHc  or  Hemthedral  Class) 
206.  The  numodinic-clinohedral  class  is  characterized  by  a  single  plane 
of  symmetry,  parallel  to  the  clinopinacoid,  6(010),  but  it  has  no  axis  of  sym- 
metry. This  symmetry  is  shown  in  the  stereographic  projection  made  upon 
a  plane  parallel  to  6(010),  Fig.  351.  In  this  class,  therefore,  the  forms  parallel 
to  the  6  axis,  viz.,  c(OOl),  a(lOO),  and  the  orthodomes,  are  represented  by  a 


Symmetry  of  ClinohcdraJ  Clasa 


Clinobedrite 


single  face  only.  The  other  forms  have  each  two  faces,  but  it  is  to  be  noted 
that,  with  the  single  exception  of  the  clinopinacoid  6(010),  the  faces  of  a 
given  form  are  never  parallel  to  each  other.  The  name  given  to  the  class  is 
based  on  this  fact. 

Several  artificial  salts  belong  here  in  their  crystallization,  but  the  only 
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known  representative  among  minerals  is  the  rare  silicate,  clinohedrite 
(H2CaZnSi06),*  a  complex  crystal  of  which  is  shown  in  two  positions  in  Figs. 
352,  353.  As  seen  in  these  figures,  .the  crystals  of  the  group  have  a  hemi- 
morphic  aspect  with  respect  to  their  development  in  the  direction  of  the 
vertical  axis,  although  they  cannot  properly  be  called  hemimorphic  since  this 
is  not  an  axis  of  symmetry.  The  forms  shown  in  Figs.  352  353  are  as 
follows:  pinacoid,  6(010);  prisms,  m(llO),  mi(TlO),  A(320),  n(120),  i(130); 
orthodomes,  e(lOl),  ei(ToT);  pyramids,  2>(111),  Pi(IlT),  ^(Tll),  r(331), 
8(o51),  ^(771),  w(531),  o(l31),  x(T3T),  y(l21). 

It  is  to  be  noted  that  crystals  of  the  common  species  pyroxene  (also  of 
segirite  and  titanite)  occasionally  show  this  habit  in  the  distribution  of  their 
faces,  but  it  is  not  certain  that  this  may  not  be  accidental.! 

Mathematical  Relations  of  the  Moxoclinic  Ststbm 

S06.  Choice  of  Axes.  —  It  is  repeated  here  (Art.  195)  that  the  fixed  position  of  the 
plane  of  symmetry  establishes  the  direction  of  the  plane  of  the  a  and  c  crystailographio 
axes  and  also  of  the  axis  6  which  is  the  symmetry  axis  and  lies  at  right  angles  to  this  plane. 
The  a  and  c  axes,  however,  may  have  var3ring  positions  in  the  symmetry  plane  according 
to  which  faces  are  taken  &s  the  pinacoids  a(lOO)  and  c(OOl),  and  which  the  unit  pyramid, 
priam^or  domes. 

807.  A:dal  and  Angular  Elements.  —  The  axial  demenU  are  the  lengths  of  the  axes 
a  and  c  in  terms  of  the  unit  axis  6,  that  is,  the  axial  ratio,  with  also  the  acute  an^e  of 
inclination  of  the  axes  a  and  c,  called  fi.    Thus  for  orthoclase  the  axial  elements  are: 

a:h:c^  06685  :  1  :  0'6664    fi  -  63^  561'. 

The  angviar  dements  are  usually  taken  as  the  angle  (100  A  001)  which  is  equal  to  the  angle 
fi;  also  the  angles  between  the  three  pinacoids  100,  010,  001,  respectively,  and  the  unit 
prism  110,  the  imit  orthodome  (101  or  lOl)  and  the  unit  clinodome  Oil.  Thus,  again,  for 
orthoclase,  the  angular  elements  are: 

001  A  100  =  63**  56f',     100  A  110  -  30*  86i'. 
001  A  lOl  =  60^  16if,     001  A  Oil  =  26**  31'. 

206.  The  mathematical  relations  connecting  axial  and  angular  elements  are  given  in 
the  following  equations  in  which  a,  &,  and  c  represent  the  umt  lengths  of  the  respective 
crystallographic  axes. 


tan  (100  A  110) 
sin  /9 


or        tan  (100  A  110)  =  a  .  sin  ^;  (1) 


^  ^  tjmJ0OlA_On)        ^^        tan  (001  A  Oil)  -  c  .  sin /?;  (2) 

sm  /9  ^ 


a  .  tan  (001  A  101)  .       ,^-   .  -^-v  c  sm  ^ 

sm  /?  —  cos  /9  .  tan  (001  A  101)  a  +  c  .  cos  /9 

a  .  tan  (001  A  TOl)  .       ,^,    .  Tai\  c  sin  /? 

c  =  -: ^ -  ,,     or    tan  (001  A  101)  = 

sm  /?  +  cos  ^  .  tan  (001  A  101)  a  -  c  .  cos  /8 

These  relations  may  be  made  more  general  by  writing  in  the  several  cases  — 

k  k 

in  (1)     hkO  for  110    and    ^  a  for  a;  in  (2)    OA;;  for  Oil    and    jc  for  c; 

in  (3)    h(^  for  101    and    ^  c  for  c. 

*  Penfield  and  Foote,  Am.  J.  Sc.,  5.  289,  1898. 

t  See  G.  H.  Williams,  Am.  J.  Sc.,  34,  275,  1887,  88,  115,  1889. 


(3) 
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Also 


and  more  generally 


Note  alao  that 


c  ^  sin  (001  A  101)  ^  sin  (001  A  TOl)^ 
a  "  Bin  (100  A  101)  "  sin  (lOO  A  lOl)' 

h    c  ^  sin  (001  A  hOl)  ^  sin  (001  A  ^0^) 
a  *  i  ""  sin  (100  AhOl)^  mn  (TOO  A  *«)* 

tan  ^  «  a        and        tan  ^  ^  Cy 


where  ^  is  the  angle  (Fig.  347;  between  the  zone-circles  (001, 100)  and  (001,  110);  also  ^  is 
the  angle  between  TlOO,  001)  and  (100,  Oil). 

All  the  above  relations  are  important  and  should  be  thoroughly  understood. 

909.  The  problems  which  usually  arise  have  as  their  object  either  the  deducing  of  the 
axial  elements,  i.e.,  the  angle  /9  and  the  values  of  a  and  c  in  terms  of  6(»  1),  from  three 
measiu'ed  angles,  or  the  finding  of  any  required  interfacial  angles  from  these  elements  or 
from  the  fundamental  angles. 

The  simple  relations  of  the  preceding  article  connect  the  angular  and  axial  elements, 
and  beyond  this  all  ordinary  problems  can  be  solved  *  either  by  the  solution  of  spherical 
triangles  on  the  sphere  of  projection,  or  by  the  aid  of  the  cotaneent  (and  tangent)  relation. 

It  is  to  be  noted,  in  the  first  place,  that  all  great  circles  on  the  sphere  of  projection  (see 
the  stereographic  projection,  Fig.  347)  from  010  cut  the  zone  circle  100,  001,  100  at  right 
angles,  but  tnoee  from  100  cut  the  zone  circles  010,  001,  OlO  obliquely,  as  also  those  from 
001  cutting  the  zone  circle  100,  010,  lOO. 

210.  I^mge^nt  and  Cotangent  Relations.  —  The  sim^e  tangent  rdaiion  holds  good  for  all 
zones  from  010  to  any  pole  on  the  zone  circle  100,  001,  lOO;  in  other  words,  for  the  prisms, 
dinodomes,  and  also  zones  of  pyramids  in  which  the  ratio  o(  h  :l  \s  constant  (from  001  to 
hOl  or  to  KOl).  Thus  it  is  still  true,  as  in  the  orthorhombic  system,  that  the  tangents  of  the 
angles  of  the  prisms  210,  110,  120,  130  from  100  are  in  the  ratio  of  i  :  1  :  2  :  3,  or,  more 
generally,  that 

tan  (100  A  hkO)      k  tan  (010  A  hkO)  ^h 

tan  (100  A  110)  "  h      ^^       tan  (010  A  110)      k' 

Also  for  the  clinodomra  the  tangents  of  the  angles  of  012,  Oil,  021  from  001  are  in  the 
ratio  of  i  :  1  :  2,  ete.  .Mimilar  relation  holds  for  Uie  tangents  of  the  angles  of  pyramids  in 
the  zones  mentioned,  as  121,  111,  212,  ete. 

For  zones  other  than  those  mentioned  as  from  100  to  a  clinodome,  or  from  001  to  a 
pdam,  the  more  general  cotangent  formula  given  in  Art.  49  mu^t  be  employed.  This  rela- 
tion is  simplified  for  certain  common  cases. 

For  any  zone  starting  from  001,  as  the  zone  001,  100,  or  001,  110,  or  001.  210,  ete.;  if 
two  angles  are  known,  viz.,  the  angles  between  001  and  those  two  faces  in  the  given  zone 
which  tall  (1)  in  the  zone  010,  101,  and  (2)  in  the  prismatic  zone  010,  100;  then  the  angle 
between  001  and  any  other  face  in  the  given  zone  can  be  calculated. 
Thus, 

Let  001  A  101  «  FQ        and        001  A  100  =  PR, 
or    "    001  A  111  «  PQ  "  001  A  110  =  PR, 

or    "    001  A  212  -  PQ  "  001  A  210  «  PR,  ete. 

Then  for  these,  or  any  similar  cases,  the  angle  (PS)  between  001  and  any  face  in  the  given 
sone  (as  201,  or  221,  or  421,  ete.,  or  in  general  ^0/,  hhlf  ete.)  is  given  by  the  equation 

cot  PS  -  cot  PR      l_ 
ootPQ- cotPR""  a' 

For  the  corresponding  zones  from  001  to  TOO,  to  1 10,  to  2lO,  ete.,  the  expression  haJs  the 
same  value;  but  here 

PQ  -  001  A  TOl,     PR  =  001  A  Too,     PS  -  001  A  KOl. 
or  001  A  111,  ete.,        001  A  TlO,  ete.,       001  A  Uhl,  ete. 


*  The  general  formulas,  from  which  it  is  possible  to  calculate  directly  the  angles  between 
any  face  and  the  pinaooids,  or  the  angle  between  any  Wo  faces  whatever,  are  so  complex 
as  to  be  of  little  value. 
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liy  however.  100  is  the  starting-point,  and 

100  A  101  =  PQ 
or  100  A  111  =  PQ, 


100  A  001  =  PR, 
100  A  Oil  =  PR,  etc., 


then  the  relation  becomes 


cot  PS  -  cot  PR  ^h 
cot  PQ  -  cot  PR  ^  1 


211  To  determine,  by  plotting,  the  axial  elements  of  a  monodinic  crystal,  given  the 
stereographic  projection  of  its  forms.  As  an  example  of  this  problem  it  is  assumed  that 
an  ortnociasc  crystal  similar  to  the  one  shown  in  Fig  341  has  been  measured  and  the  poles 
of  its  faces  ]ocat<xl  on  the  stereographic  projection,  Fig.  354.  The  inclination  of  the  a  axis 
or  the  angle  0  is  given  directly  by  measuring,  by  means  of  the  stereographic  protractor,  the 
angular  distance  between  the  poles  of  a(lOO)  and  c(OOl).  In  the  present  case  the  a(lOO) 
form  does  not  actually  occur  on  the  crvstal.  /3  is  measured  as  M^.  If  the  base  is  not 
present  upon  the  crystal  it  will  be  usually  possible  to  locate  its  position  by  means  of  ^me 
zone  circle  on_which  it  must  lie  In  the  present  case  the  great  circle  of  the  zone  of  m'(IlO). 
o(Ill),  m'"(lTO)  will  cross  the  front  to  back  line  (zone  of  the  orthodomes)  at  the  point  of 
the  pole  to  the  base. 

364 
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a  100 
Determination  of  Axial  Elements  of  Orthoclase  from  Stereographic  Projection 

The  ratio  between  the  lengths  of  the  a  and  b  axes  can  be  readily  determined  from  the 
position  of  the  pole,  m(llO).  Draw  the  radial  line  O-P  from  the  center  of  the  projection 
to  m(llO).  From  the  end  of  the  b  axis  draw  a  line  at  right  angles  to  O-P.  This  repre- 
sents the  intersection  of  the  prism  face  with  the  horizontal  plane  and  the  distance  O-R 
S'ves  the  intercept  of  the  prism  upon  the  horizontal  projection  of  the  a  axis.  The  distance 
-R  tJicarefore  is  not  the  unit  length  of  the  a  axis  but  is  that  distance  foreshortened  some- 
what because  of  the  inclination  of  that  axis.  The  construction  by  which  the  true  length 
of  the  a  axis  is  obtained  Is  shown  in  Fig.  355.  The  line  R-O-S-T  represents  the  horizontal 
projection  of  the  a  axis  upon  which  the  distance  O-R  is  transferred  from  Fig.  354.  As  the 
prism  face  is  vertical  its  intercept  upon  the  a  axis  can  be  found  by  dropping  a  perpendicu- 
lar from  R  to  intersect  the  line  which  represents  the  a  axis.    The  inclination  of  this  last 
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line  is  found  by  use  of  the  angle  0,  which  has  been  already  determined.  The  length  of  the 
a  axis  when  expressed  in  terms  of  the  b  axis  (1*00)  was  found  to  be  0'66. 

The  length  of  the  c  axis  can  be  found  best  from  the  inclination  of  the  ^(SOl)  face.  This 
face  will  intersect  the  negative  end  of  the  a  axis  and  the  upper  end  of  the  c  axis  at  either 
}a.  Ic  or,  la,  2c.  The  angle  between  the  center  of  the  projection,  O,  Fig.  354,  and  the 
pole  y  is  measured  by  means  of  the  stereographic  protractor.  From  tlus  an^le  the  position 
of  the  normal  to  ^,  as  shown  in  Fig.  355,  is  determined.  The  line  representmg  the  slope  of 
the  face  is  drawn  at  nght  angles  to  this  normal,  starting  from  the  n^ative  unit  length  of 
the  inclined  a  axis.  'Ae  intercept  on  the  c  axis  was  found  to  be  equal  to  I'll,  which,  as 
it  is  equal  to  2c,  would  give  the  unit  length  of  the  c  axis  as,  0*55. 

The  length  of  the  c  axis  could  also  be  determined  from  the  inclination  of  the  pyramid 
face,  o^Ill).  The  method  of  construction  would  be  similar  to  that  described  in  tne  prob- 
lem below. 

212.  To  determine  the  indices  of  a  face  upon  a  monodinic  crystal,  having  given  the 
position  of  its  pole  upon  the  stereograpliic  projection  and  the  axial  elements  of  the  min- 
eral. The  pyramid  face  o  on  orthoclase  will  be  used  to  illustrate  the  problem.  First,  see 
Fig.  354,  a  radial  line  is  drawn  through  the  pole  o  and  a  perpendicular  S-T  erected  to  it, 
starting  from  the  unit  length  of  the  b  axis.  It  is  to  be  noted  that  the  point  T  is  the  inter- 
section of  the  face  o  with  the  horizontal  projection  of  the  a  axis     Transfer  the  distance 


Determination  of  Axial  Elements,  etc.  of  Orthoclase 

O-S  to  the  horizontal  line  in  Fig.  355  and  locate  the  position  of  the  normal  to  o  bv  the 
angle.  Fig.  354,  between  O  and  o.  The  line  giving  the  slope  of  the  face  can  then  be  drawn 
from  the  point  S  (Fig.  355)  perpendicular  to  the  normal.  This  line  intersects  the  line 
representing  the  vertical  axis  at  a  distance  equal  to  its  unit  length.  Two  points  of  inter- 
section of  tne  pyramid  face  with  the  plane  of  the  a  and  c  axes  have  now  b€«n  determined, 
namely  Ic  and  T.  A  line  joining  these  two  points  will  give  the  intersection  of  the  two 
planes  and  the  point  where  it  crosses  the  line  representing  the  a  axis  will  therefore  give 
the  intercept  of  the  pyramid  upon  that  axis.  This  is  also  found  to  be  at  the  unit  length 
and  therefore  the  indices  of  o  must  be  111. 

213.  To  determine,  by  plotting,  the  axial  elements  of  a  monodinic  crystal,  having  given 
the  gnomonic  projection  of  its  forms.  The  construction  by  which  this  problem  is  solved 
is  shown  in  Fig.  356.  The  poles  of  the  unit  forms  (101),  (Oil),  (001)  and  (111)  are  located 
(in  this  case  for  pyroxene)  and  the  zonal  lines  drawn.    The  angle  ^  is  complementary  to 
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the  an^e  from  the  center  of  the  projection  to  001.  This  can  be  measured  directly  by 
means  of  the  gnomonic  tangent  scale.  Tlien  construct  the  triangles  CST  and  XYZ.  The 
angles  p  and  «-,  and  u  and  ¥  are  measured.  This  can  most  easily  be  done  by  means  of  the 
divided  circle  and  the  fact  that  an  angle  at  the  circumference  of  a  circle  is  measured  by  one 
half  its  subtended  arc.    The  following  relations  will  then  yield  the  axial  ratio. 


b 
c 


sm  p. 
sinir' 


a 
c 


sm  V 
sin  V 


For  the  proof  of  these  relations  see  the  explanation  of  the  more  general  case  under  the 
triclinic  system,  Art.  287,  p.  15%. 


Determination  of  Axial  Elements  of  P3rroxene  from  Gnomonic  Projection 

• 

214.  To  determine,  by  plotting,  the  indices  of  a  face  on  a  monoclinic  crystal,  having 
given  tiie  position  of  its  pole  upon  the  gnomonic  projection.  There  is  no  essential  differ- 
PDce  between  the  orthorhombic  and  monoclinic  systems  in  the  determination  of  indices 
from  the  gnomonic  projection.  The  intercepts  of  perpendiculars  from  the  poles  of  the 
faces  upon  the  front  to  back  and  left  to  right  zonal  lines  running  through  the  pole  of  c(OOl) 
give  directlv  the  first  two  numbers  of  the  indices.  The  gnomonic  projection  of  the  epi- 
dote  crystal  alr«uly  given  (Fig.  348)  will  serve  to  illustrate  this  problem. 


VI.  TRICLINIC  SYSTEM 

(Anorthtc  System) 

216.   Crystallographic  Axes.  —  The  triclinic  system  includes  all  the  forms 

which  are  referred  to  three  unequal  axes  with  all  their  intersections  obhque. 

When  orientated  in  the  customary  manner  one  axis  has  a  vertical  posi- 
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Hon  and  is  called  the  c  axis  (cf.  Fig.  357),  a  second  axis  lies  in  the  front-to- 

'back  plane,  sloping  down  toward  the  observer,  and  is 
called  the  a  axis.  The  remaining  axis  is  designated  as 
the  b  axis.  Usually  the  a  and  b  axes  are  so  chosen  that 
the  a  axis  is  the  shorter  and,  like  in  the  orthorhombic 
system,  is  sometimes  called  the  brachy-axis.  In  that 
case  the  6  axis  is  longer  and  is  known  as  the  macro- 
axis.  But  this  is  not  invariably  true;  thus  with  rho- 
donite the  ratio  of  a  :  6  =  1*073  :  1.  The  angle 
between  the  axes  b  and  c  is  called  a,  that  between  a 
and  c  ia  fiy  and  that  between  a  and  &  is  7  (Fig.  357). 
It  is  to  be  noted  that  there  is  no  necessary  relation  between  the  values  of 

a,  /3,  and  7,  any  one  may  be  greater  or  less  than  90°;  this  is  determined  by 

the  choice  of  the  fimdamental  forms. 


Tridinic  Axes 


1.  NORMAL  CLASS  (31).    AXINITE  TYPE 

(Holohedral  or  Pinacaidal  Class) 

216.  Symmetry.  —  The  normal  class  of  the  triclinic  system  is  character- 
ized by  a  center  of  synunetry,  the  point  of  intersection  of  the  three  axes, 
but  there  is  no  plane  and  no  axis  of  synametry.  This  symmetry  is  shown  in 
the  accompanying  stereographic  projection  (Fig.  358). 
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Symmetry  of  Normal  Claas 


Triclinic  Pinaooicis 


217.  Fonns.  —  Each  form  of  the  class  includes  two  faces,  parallel  to 
one  another  and  symmetrical  with  reference  to  the  center  of  symmetry. 
This  is  true  as  well  of  the  form  with  the  general  symbol  {hJcl)  as  pf  one  of  the 
special  forms,  as,  for  example,  the  o-pinacoid  (100). 

Hence,  as  shown  in  the  following  table,  the  four  prismatic  faces  110,  TlO, 
TTO,  iTO  include  two  forms,  namely,  110,  iTO,  and  TlO,  iTO.  The  same  is 
true  of  the  domes.  Further,  _any  ejght  corresponding  pyramidal  faces,  as, 
for  example,  111,  Ill,_lll,_lTl,  111,  JjT,  iTJ,  111  belong  to  four  distinct 
forms,  namely,  HI,  ITT;  Til,  iTT;  Til,  llT;  *  iTl,  TlT,  and  similarly  in 
general. 
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The  various  types  of  forms  are  given  in  the  following  table: 

Indkxs 

Macropinacoid  or  o-pinaooid (100) 

Brachypinacoid  or  fr-pinaooid (010) 

Base  or  o-pinacoid (001) 

^"^^^ ((wto) 

Macrodomes |  )^^ 

Bra^ydomes jjj^ 

Urn 

p^--ids m 

l(WEZ) 

In  the  above  table  it  is  assumed  that  the  axial  ratio  is  such  that  a  <b.  If  the  oppo- 
site were  true  the  names  brachy-  and  macro-  would  be  interchanged. 

218.  The  explanations  given  under  the  two  preceding  systems  make  it 
unnecessary  to  discuss  in  detail  the  various  forms  individually,  except  as 
illustrated  in  the  case  of  crystals  belonging  to  certain  t3rpical  tricUnic  species. 

It  may  be  mentioned,  however,  that  Fig.  359  shows  the  diametral  prismj 
which  is  bounded  by  three  sets  of  unlike  faces,  the  pinacoids  a,  b,  and  c. 
This  is  the  analogue  of  the  cube  of  the  isometric  system,  but  here  the  like 
faces,  edges,  and  solid  angles  include  only  a  given  face,  edge,  and  angle,  and 
that  opposite  to  it. 

219.  Illustrations.  —  A  typical  triclinic  crystal  is  shown  in^Fig.  360  of 
axinite.  Here  a(l6o)  is  the  macropinacoid;  m(llO)  and  M(lIO)  the  two 
unit  prisms;  8(201)  a  macrodome,  and  a;(lll)  and  r(lll)  two  unit  p3Tamids. 
The  a^al  ratio  is  as  follows: 

a  :  6  :  c  =  049  :  1  :  048,  a  =  82**  54',  /3  =  91^  52',  y  =  131**  32'. 

Figs.  361,  362  show  two  crystals  of  rhodonite,  a  species  which  is  allied  to 
pyroxene,  and  which  approximates  to  it  in  angle  and  habit.    Here  the  faces 

361 


Axinite 


Rhodonite 


are:  Pinacoids  o(lOO),  6(010),  c(OOl);    prisms  m(llO),  Af(lTO);    pyramids 
g(221),  *(221),  n(221),  r(lll).     . 

Further  illustrations  are  given  by  Fig.  363  of  albite  and  Fig.  364  of  anor- 
thite.    The  symbols  of  the  faces,  besides  the  pinacoids  and  the  unit  prisms, 
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are  as  follows:    Mg.  363,  «(T01);    Fig.  364,  prisms /(130),  2(130);    domes 
e(207),  1/(201),  6(021),  r(061),  n(021);    pyramids  m(lll),    a(lTl),   o(lll), 

868  866 


P-     o 

Anorthlte 


Axinite 


If  no 


a'loo 


mHo 


holo 


&010 


mUO 


-If  no 
Stereographic  Projection  of  an  Axinite  Crystal 

p(5ll).    In  Fig.  364  of  anorthlte  the  similarity  of  the  crystal  to  one  of  ortho- 
clase  is  evident  on  slight  examination  (cf.  Figs.  340,  341),  and  careful  study 
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with  the  measurement  of  angles  shows  that  the  correspondence  is  very  close. 
Hence  in  this  case  the  choice  of  the  fundamental  planes  is  readUy  made. 

Fig.  365  represents  a  crystal  of  axinite;    Kgs.  366  and  367  its  stereo- 
graphic  and  gnomonic  projections. 


367 


ftoio^ 
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Gnomonic  Projection  of  an  Axinite  Crystal 

2.  ASYMMETRIC  CLASS  (32).    CALCIUM  THIOSULPHATE  TYPE 

(Hemihedral  Class) 

220.  Besides  the  normal  class  of  the  triclinic  system  there  is  another 
possible  class,    possessing    symmetry    neither 
with  respect  to  a  plane,  axis  nor  center;  in  it 
a  given  form  has  one  face  only.    This  class  finds 
examples  among  a  number  of   artificial  salts.  y^ 

One  of  these  is  calcium  thiosulphate 
(CaSt08.6H«O) ;  as  yet  no  mineral  species  is 
known  to  be  included  here.  This  is  the  most 
general  of  aD  the  thirty-two  types  of  forms 
classified  according  to  their  symmetry  and 
comes  first,  therefore,  if  the  classes  are  arranged 
in  order  according  to  the  degree  of  symmetry 
characterizing  them.  This  class  is  one  of  those 
whose  crystals  may  show  circular  polarization.  '^"' 

This  is  true  of  eleven  of  the  classes  which  have    Symnaetry  of  Asymmetric  Class 
been  described  in  the  preceding  pages. 
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Mathematical  Relations  of  the  Tricunic  SYSTsif 

821.  Choice  of  Axes.  —  It  is  obvious,  from  what  has  been  said  as  to  the  symmetry  of 
this  system,  that  any  three  faces  of  a  triclinic  crystal  mav  be  chosen  as  the  pinacoids,  or 
the  faces  which  fix  the  position  of  the  axial  planes  and  the  directions  of  the  axes;  moreover, 
there  is  a  like  liberty  in  the  choice  of  the  unit  prisms,  domes  or  pyramids  which  further  fix 
the  lengths  of  the  axes. 

When  the  crystal  in  hand  is  allied  in  form  or  composition  to  other  species,  whether  of 
the  same  or  different  systems,  this  fact  simplifies  the  problem  and  makes  the  choice  of  the 
fundamental  forms  easy.  This  is  well  illustrated,  as  already  noted,  by  the  triclinic  feldspars 
(e.g.f  albite  and  anorthite,  Fij^s.  363,  364)  which  are  near  m  angle  to  the  allied  monoclinic 
species  orthoclase.  Rhodomte  (Figs.  361,  362),  the  triclinic  member  of  the  pyroxene 
group,  is  another  good  example. 

In  other  cases,  whero  no  such  relationship  exists,  and  where  varied  habit  makes  different 
orientationsplausible,  there  is  but  little  to  guide  the  choice.  This  is  illustrated  in  the  case 
of  axinite  (Fig.  360),  where  at  least  ten  distinct  positions  have  been  assumed  by  different 
authors. 

282.  Axial  and  Angular  Elements.  —  The  <ixial  eUmenta  of  a  triclinic  crystal  are: 
(1)  the  axial  Tatio,  which  expresses  the  lengths  of  the  axes  a  and  c  in  terms  of  the  third 
axis,  b;  and  (2)  the  angles  between  the  axes  or,  3,  y  (Fig.  357).  There  are  here  five  quanti- 
ties to  be  determined  which  obviously  require  the  measurement  of  five  independent  angles 
between  the  faces. 

The  angular  dements  are  usually  taken  as  the  angles  between  the  pinacoids  and,  in 
addition,  those  between  each  pinacoid  and  the  unit  face  lying  in  the  zone  of  the  other  pina- 
coids; tnat  is, 

ac,     100  A  001,    be,    010  A  001; 

001  A  101,  001  A  Oil; 


a&,    100  A  010, 
also  am    100  A  110, 

or,  instead,  any  one  or  all  of  these, 

aAf ,    100  A  lIO, 


001  A  lOl, 


001  A  Oil. 


Of  these  six  angles  taken,  one  is  determined  when  the  others  are  known. 

223.  The  mathematical  relations  existing  between  the  axial  angles  and  axial  ratio,  on  the 
one  hand,  and  the  angles  between  the  faces  on  the  other,  admit  of  being  drawn  out  with 
great  completeness,  but  they  are  necessarily  complex  and  in  general  have  litUe  practical 
value.  In  fact,  most  of  the  problems  likely  to  arise  can  be  solved  by  means  of  the  triangles 
of  the  spherical  projection,  together  with  the  cotangent  formula  connecting  four  planes  in 
the  same  sone  (Art.  49,  p.  49) ;  this  will  often  be  laborious  and  may  require  some  ingenuit^^ 
but  in  general  involves  no  serious  difficulty.  In  connection  with  the  ase  of  the  cotangent 
formula,  it  is  to  be  noted  that  in  certain  commonly  occurring  cases  its  form  is  much  simpli- 
fied; some  of  these  have  already  been  explained  under  the  monoclinic  system  (Art.  210). 
The  formulas  given  there  are  of  course  equally  applicable  here. 

224.  The  first  problem  may  be  to  find  the  axial  elements  from  measured  angles.  Since 
these  elements  include  five  unknown  quantities,  viz.,  the  three  axial  angles  a,  /3,  y  and 
the  lengths  of  the  axes  a  and  c  in  terms  of  6,  five  measured  angles  are  required,  as  already 
stated. 

Fig.  369  represents  the  crystallo^aphic  axes  of  the  triclinic  mineral  rhodonite.  The 
positive  ends  of  the  three  axes  are  joined  by  lines  forming  three  triangles  the  angles  of 
which  are  very  important.    In  the  triangle,  for  instance,  which  has  the  b  and  c  axes  for 

two  of  its  sides  since  the  length 
869  370  of  the  b  axis  is  taken  a^  1*0,  it 

is  only  necessary  to  know 
the  angle  a  and  either  p  or  x 
in  order  to  determine  the  length 
of  the  c  axis.  In  the  triangle 
that  has  the  a  and  b  axes  toT 
two  of  its  sides  it  is  necessary 
to  know  the  value  of  y  and 
either  o^  or  t  in  order  to  deter- 
mine the  length  of  the  a  axis. 
And  lastly  in  the  triangle 
formed  between  the  a  and  c 
^  axes,  if  the  length  of  either  of 

,  .,       .,  u    J  *       •     J  r        XI.  1        ^  ,    .  ,   *^^®  ^^^  ^  known,  the  length 

of  the  other  can  be  detenmned  from  the  angle  /3  and  either./i  or  v.    It  is  assumed  that  a 
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cr>'stal  of  rhodonite  showmg  the  forms  a(lOO),  6(010),  c(OOl)  and  p(lll),  see  Fig. 
370,  has  been  measured  and  me  poles  of  the  faces  plotted  in  the  stereographic  projection, 
Pig.  371.  The  angles  between  the 
great  circles  which  connect  these 
poles  are  the  same  as  those  shown 
in  the  trian^es  built  upon  the 
crystallographic  axes,  Fi^.  369.  With 
the  an^es  between  the  different  crys- 
tal faces  known  by  measurement,  it 
£3  easy,  by  the  formulas  of  spherical 
trigonometry,  to  calculate  the  value 
of  these  other  angles  and  from  them 
obtain  the  axial  ratio. 
That  the  angles  shown  on  the  stere- 

rphic    projection,   F^.   371,    are 
tical  with  those  in  Fig.  369  may 

be  proved  as  follows.    Let  Fig.  372 

represent    a    vertical    section     cut 

through  the  spherical  projection  of 

rhodonite    in    such    a    wav    as   to 

include  the  b  and  c  ciystallographic 

axes.    The  triangle,  which  has  tnese 

axes  as   two    sides   and   the  three 

angles  a,  r  and  p,  Ues  therefore  in 

the  plane  of  the  figure.    The  nor- 
mals to   all    faces   parallel   to   the 

c  axis,  t.e.  the  prism  zone,  would  lie  in  a  plane  at  ri^dit  angles  to  that  axis.    This  plane 

would  intersect  the  sphere  of  the  spher- 
ical projection  in  a  great  circle  which  is 
represented  on  the  stereo^phic  pro- 
jection. Fig.  371,  by  the  divided  circle. 
On  Fi^.  372  this  ^eat  circle  would 
appear  in  orthographic  projection  as  the 
line  O-C'  lying  at  right  andes  to  the  c 
axis.  In  the  same  way  all  faces  lying 
parallel  to  the  b  axis,  i.e,  the  zone  (100)- 
(101)- (001),  would  nave  their  normals 
in  a  plEuie  which  would  be  foreshortened 
to  the  line  B-B'  in  Fig.  372.  Since 
the  lines  C-C'  and  B-B'  are  at  right 
angles  respectively  to  the  c  and  6  axes 
the  angle  oetween  them  must  equal  the 
axial  angle,  a.  This  same  angle  will 
appear  tnerefore  on  the  stereographic 
projection.  Fig.  371,  between  the  great 
circles  of  the  two  zones,  the  faces  of 
which  are  parallel  respectively  to  the  c 
and  b  axes.  Further  the  normals  to  all 
faces  which  intersect  the  b  and  c  axes  at 
their  unit  lengths  would  lie  in  a  plane  at 
right  angles  to  the  line  6-c,  Fig.  372. 

This  plane  would  appear  in  orthographic  projection  as  the  Ime  P-P'.    On  the  stereographic 

projection,    Fig.    371,    this   would    be    represented 

as  the  zonal    circle  passing  throudi   (100),    (111), 

(Oil),  (Too).     The  angje  between  B-B'  and  P-P' 

will  by  construction  equal  V  and  that  between  C-C 

and  P-P'  will  equal  p.    These  same  angles  will  appear 

therefore  in  the  stereographic  projection  between  the  .^ 

corresponding   zone  circles.     In  the  same  way  the 

identity  of  the  angles  y,  cr,  t,  fi,  fi  and  y  in  Figs.  369 

and  371  can  be  proved. 
With  the  necessary  number  of  these  angles  dven 

the   formulaa    required    for  the  calculation  of  the 

axial  lengths  are  given  below.    The  angles  t',  cr',  v', 

m',  it'  and  p'  are  the  corresponding  angles  to  t,  a,  etc., 

in  the  adjacent  quadrants,  see  Fig.  373. 
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Bin  r      sin  r 


a    sm  ¥ 


sin  p 


sm  tr      sin  o^ 


c 
a 


sin  T      sm  r 


e 
6* 


b'  sin  M      sin  m'      a'  sin  p      sin  p' 

If  the  angles  given  are  between  the  three  pinaooids  and  the  pyramid  hkl  (not  the  unit  form) 
the  relations  are  similar.  That  is,  if  for  the  face  hkl  the  corresponding  angles  be  represented 
by  ro,  aot  etc.,  where  ro,  ao  are  the  angles  between  the  sone  circles  100,  001  and  100,  010 
respectively  and  the  sone  circle  001,  ^:0,  these  relations  may  be  ezpreased  in  the  general 
form 


sin  To      sin  to'        a 

k    a 

sin  ao      sin  tro'      h . 

~h    b' 

sin  ro      sin  vo         c 

h    c 

sin  /lo      sin  no'       I 

^i"a' 

sin  To      sin  xo'        c 

k    c 

sin  Po      sin  po'       I, 

-lb 

Thus  for  the  face  321  the  formulas  become 

sin  ro       a       2  a    sin  vo      3c 
sin  ao      |6  ~  3  6    sin  mo  ~  a  ' 

sin  xo      2c 
sin  Po      b 

It  is  also  to  be  noted  that 

a  =  180*^  -  A,        /8  =  180°  -  J8,         7  =  ISO**  -  C, 

where  A,  B,  C  are  the  an^es  in  the  pinacoidal  spherical  triangle  100*010' 001  at  these 
poles  respectively.    That  is, 

A-T-fp=T«-fpo  =  (180°  -  a); 

J8-r-fM«i'o-h/i«  =  (180°  -  /8); 

C-r  +  <r  =  ro-h<ro=  (180°  -  7). 

Also 

180°  -  A  =  t'  -h  p'  =  to'  -h  po'  -  a. 

Hence,  having  given,  by  measurement  or  calculation,  the  angles  between  the  fares 
a6(100  A  010),  ac(100  A  001)  and  &c(010  A  001),  which  are  the  sides  of  this  triangle,  the 
an^es  A,ByC  are  calculated  and  their  supplements  are  the  axial  angles  a,  /3,  y  respectively. 
Still  another  series  of  equations  are  those  below,  which  give  the  relations  of  the  angles 
/i.  r,  p,  etc.,  to  the  axes  and  axial  angles.  By  means  of  them,  with  the  sine  formulas  given 
above,  the  angular  elements  (and  other  angles)  can  be  calculated  from  the  axial  elements. 

a  sin  /3  .  c  sin  /3 

Igj^  ^  3=  — ; — . ^ ;    tan  r  = 


tanp  B 


tanr  = 


c  -\-  a  cos  fi* 

b  sin  a 
c  -h  6  cos  a  ' 

a  sin  7 
b  -\-  a  cos  7  ' 


tan  w  — 


tan  a  — 


a  -^  c  cos  /S" 

csin  g 
6  +  c  cosa* 

6  sin  7 
a  -\-  b  cos  7' 


These  equations  apply  when  fi  +  r,  etc.,  is  less  than  90°;  if  their  sum  is  greater  than 
90°  the  sigi  in  the  denominator  is  negative. 

207.  Tne  following  equations  are  also  often  useful. 

2  sin  p  sin  p'      2  sin  t  sin  t' 
tan  a  = 


tan  /9  = 


tan  7  = 


sin  (p  —  p')        sin  (ir  -  »') 
2  sin  M  sin  n'  _  2  sin  y  sin  v' 
sin  (m  —  m')  ~  sin  (k  —  y') 
2  sin  T  sin  t'      2  sin  <r  sin  a' 


Also, 


sin  (r  —  r')        sin  (cr  —  a') 
a-fT+p  =  /3-}-M-h»'  =  7-|-r-h<r«  180°. 


The  calculation,  from  the  angular  elements  or  from  the  assumed  fundamental  measured 
angles,  either  (1)  of  the  angular  position  of  any  face  whose  symbol  is  given,  or  (2)  of  the 
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symbol  of  an  unknown  face  for  which  measured  angles  are  at  hand,  requires  no  further 
explanation.  The  cotangent  formula  is  all  that  is  needed  in  a  single  zone,  and  the  solution 
of  spherical  trian^es  on  the  projection  (with  the  use  of  the  sine  formulas)  will  suffice  in 
addition  in  all  ordinary  cases. 

£U.  To  determine,  by  plotting^  the  axial  elements  of  a  tridinic  crystal,  having  given 
the  stereogniphic  projection  of  its  forms.  In  order  to  solve  this  problem  it  is  necessary 
to  have  given  the  position  of  the  poles  of 
the  unit  forms  (100),  (010),  (001),  (111)  or 
to  be  able  to  loc&te  them  by  means  of 
their  lonal  rdations.  Through  these  poles 
the  various  zonal  circles  are  drawn  as 
shown  in  the  case  of  rhodonite,  Fig.  371. 
The  angles  a^  /3,  7,  r,  p,  etc.,  are  then  given 
upon  the  projection.  These  angles  can  be 
measured  as  described  in  Art.  41,  p.  39. 
Taking  next  a  certain  line  as  representing 
the  unit  length  of  the  b  axis  and  knowing 
the  angles  a,  -r  and  p  the  triangle  that 
includes  the  b  and  c  axes,  see  Fig.  369,  can 
be  drawn  to  scale  and  the  unit  length  of 
the  c  axis  determined.  In  a  similar  way 
the  length  of  the  a  axis  can  be  found. 

S26.  To  determine,  by  plotting,  the  indices 
of  a  face  upon  a  triclinic  crystal,  having 
given  the  position  of  its  pole  in  the  stereo- 
graphic  projection  and  the  axial  elements 
of  tilie  minmd.  To  illustrate  this  problem 
a  possible  pyramid  face  on  rhodomte  will  be  used.  Its  pole  is  located  in  the  stereograp- 
hic  projection  at  x.  Fig.  374.  The  position  of  the  poles  of  the  faces  a(lOO)  and  6(010) 
must  also  be  known.    The  directions  of  the  mtersections  of  the  planes  of  the  a-c  and 

b-c  axes  with  the  plane  of  the 


6(010) 
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projection  can  then  be  drawn. 
These  lines  will  represent  the 
horizontal  projections  of  the  a 
and  b  crystallographic  axes. 
A  radial  line  is  then  drawn  from 
the  center  of  the  projection,  O, 
throudi  X.  Another  line, 
A-P-B,  is  drawn  perpendicular 
to  this  line  at  any  convenient 
distance  from  the  center,  O. 
The  line  A-P-B  will  represent 
the  direction  of  intersection  of 
the  face  x  with  the  horizontal 
plane  of  the  projection.  The 
mtercept  that  the  face  will 
make  upon  the  vertical  axis  can 
be  found  by  the  construction  of 
a  right  triangle  with  0-P  as  its 
base,  a  line  representing  the  c 
axis  as  its  vertical  side  and  the 
angle  between  0-x  as  the  angle 
between  the  base  and  the  hy- 
pothenuse,  see  Fig.  375.  Under 
the  assumed  conditions  the  face 
will  intersect  the  c  axis  at  a  dis- 
tance of  1'93,  the  radius  of  the 
circle  in  tne  figure  being 
1*0.  The  face  will  also  pass 
through  the  points  A  and  B  on  the  horizontal  projections  of  the  a  and  6  axes. 
With  the  known  an^es  fi  and  a  it  is  possible  to  construct  the  a  and  b  axes  with  their  proper 
angular  relations  to  the  c  axis.     The  intercepts  of  the  face  upon  these  two  axes  will  be 

S'ven  by  the  extension  of  the  lines  from  the  point  1*93  on  the  c  axis  to  the  points  A  and  B. 
i  this  way  the  intercepts  of  the  face  upon  the  three  axes  were  obtained  as  1*1  la,  1*566, 
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l'93c.  By  dividing  these  numbers  by  1*55  we  get  the  intercepts  expressed  in  terms  of  the 
length  of  ihe  b  axis,  oonsiderine  that  as  I'O.  The  intercepts  then  become  0*7 la,  16,  V2ic. 
When  these  are  compared  witn  the  axial  ratio  of  rhodonite,  a  :  b  :c  —  1114  :  I  :  0*986, 
the^^umeters  of  the  face  are  found  to  be  }a.  1&,  2c.  The  indices  of  x  are  therefore  321. 
w.  To  determine,  by  jotting,  the  axial  elements  of  a  tridinic  cr3rstal  liATing  given  the 
gnomonic  projection  ot  its  forms.  To  illustrate  this  problem  it  is  assumed  that  the  posi- 
tions of  the  poles  of  the  faces,  (100),  (010),  (001),  (101),  (Oil)  and  (111)  on  rhodonite  are 
known,  see  Fig.  376.  If  this  figure  is  compared  with  the  stereographic  projection  of  the 
same  forms  given  in  Fig.  371,  it  will  be  seen  that  the  angle  between  tne  sones  (lOO)-(lOl)- 
(001)  and  (100)-(111)-(011)  is  equal  to  r,  that  between  the  sones  (100)~(111)-(011)  and 
(100)-(110)-(010)  is  equal  to  p,  between  (010)-(011)-(001)  and  (010)-(111)-(101)  is  equal 
to  p  and  between  (010)-(111)-(101)  and  (010)-(110)-(100)  is  equal  to  m*  The  method 
'bv  which  the  an^es  between  these  various  sones  may  be  measiu^  was  explained  in  Art. 
4S,  p.  43,  and  is  illustrated  by  the  construction  of  Fig.  376.  From  these  angles  triangles 
can  be  readily  constructed  to  give  the  lengths  of  the  a  and  c  axes  in  terms  of  the  6  axis, 
with  its  length  taken  as  equal  to  1*0. 
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288.  To  determine,  by  piottmg,  the  indices  of  the  forms  of  a  tridinic  crystal,  having 
given  the  position  of  other  poles  upon  tiie  gnomonic  projection.  The  method  for  the  solu- 
tion of  this  problem  is  similar  to  that  already  described  under  the  previous  systems.  Tlie 
difference  lies  in  the  fact  that  the  lines  of  reference  upon  which  are  plotted  the  intercepts 
of  the  lines  drawn  to  them  from  the  poles  of  the  faces  make  obUque  angles  with  each  other. 
These  reference  lines  are  taken  as  the  zonal  lines  (OOl)-(lOl)  and  ^001)~(011)  and  the 
intercepts  from  which  the  indices  are  determined  are  measured  from  tne  pole  of  (001).  A 
study  of  the  gnomonic  projection  of  axinite.  Fig.  367,  will  illustrate  this  problem. 

MEASUREMENT  OF  THE  ANGLES  OF  CRYSTALS 

229.  Contact-Goniometers.  —  The  interf acial  angles  of  crystals  are 
measured  by  means  of  instruments  which  are  called  goniometers. 
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The  simplest  form  is  the  contact-  or  hand-goniometer  one  form  of  which  is 
represented  in  Fig.  377. 

This  contact-goniometer  consists  of  a  card  on  which  is  printed  a  semi- 
circular arc  graduated  to  half  degrees  at  the  center  of  which  is  fastened  a 
celluloid  arm  which  may  be  turned  to  any  desired  position.  The  method  of 
use  of  the  goniometer  is  iUustrated  in  Fig.  377.    The  bottom  of  the  card  and 
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Penfield  Contact  Goniometer,  Model  B 

the  blackened  end  of  the  celluloid  arm  are  brought  in  as  accurate  contact  as 
possible  with  the  two  crystal  faces,  the  angle  between  which  is  desired.  Care 
must  be  taken  to  see  that  the  plane  of  the  goniometer  is  at  right  angles  to  the 
edge  of  intersection  between  the  two  faces.  Another  model  of  the  contact- 
goniometer,  Fig.  378,  has  two  arms  swiveled  together  and  separate  from  the 
graduated  arc.  The  crystal  angle  is  obtained  by  means  of  the  arms  and  then 
the  angle  between  them  measured  by  placing  them  upon  the  graduated  arc. 
This  latter  tjrpe  is  employed  in  cases  where  the  crystal  lies  in  such  a  position 
as  to  prevent  the  use  of  the  former.* 


^  These  aimple  types  of  contact-goniometens  were  devised  by  S  L.  Penfield  and  can  be 
obtained  by  adoressmg  the  Mineralogical  Laboratory  of  the  Sheffield  Scientific  School  of 
Yale  University,  New  Haven,  Ct. 


CRTSTALLOGRAPHT 


The  contact-goniconeter  is  useful  in  the  case  of  large  crystals  and  those 
whose  faces  are  not  well  polished;   the  measurements  with  it,  however,  are 


Penfield  Contact  Goaiometer,  Model  A 

seldom  accurate  within  a  quarter  of  a  degree.     In  the  finest  specimens  of 
crystals,  where  the  faces  are  smooth  and  lustrous,  results  far  more  accurate 
j_-  may   be  obtained  by  means  of  a  different 

instrument,    called     the     reflecting    goni- 
ometer. 

230.  Reflecting  Goniometer.  ~  This 
type  of  instrument  was  devised  by 
WolIastoQ  in  1809.  It  has  undergone  exten- 
sive modifications  and  improvements  since 
that  time.  Only  the  perfected  forms  that 
are  in  common  use  to-day  will  be 
described. 

The  principle  underlying  the  construction 

of      the     reflecting     goniometer     will    be 

understood  by  reference  to  the  figure  (Fig. 

379),    which    represents    a    section    of    a 

crystal,  whose   angle,  ahc,  between  the  faces  ah,  be,  is  required.     Let  the 

eye  be  placed  at  P  and  the  point  M  be  a  source  of  light.     The  eye  at  P, 

looking  at  the  face  of  the  crystal,  be,  will  observe  a  reflected  image  of  m, 

m  the  direction  of  Pn.     The  crystal  may  now  be  so  changed  in  its  position 

that  the  same  image  is  seen  reflected  by  the  next  face  and  in  the  same  direction, 

Pn.    To  effect  this,  the  crystal  must  be  turned  around,  until  oW  has  the 
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present  direction  of  be.  The  angle  dbc  measures,  therefore,  the  number  of 
degrees  through  which  the  crystal  must  be  turned ;  it  may  be  measured  by 
attaching  the  crystal  to  a  graduated  circle,  which  turns  with  the  crystal. 
This  angle  is  the  supplement  of  the  interior  angle  between  the  two  faces,  or 
in  other  words  is  the  normal  angle,  or  angle  between  the  two  poles  (see  Art. 
43,  p.  44).  The  reflecting  goniometer  hence  gives  directly  the  angle  needed 
on  the  system  of  Miller  here  followed. 

231-  Horizontal  Goniometer.  —  A  form  of  reflecting  goniometer  well 
adapted  for  accurate  measurementa  is  shown  in  Fig.  380.  The  particular 
form  of  instrument  here  figured  *  is  made  by  Fuees. 


ODe-circle  Reflection  GmiioiDeter 

The  instrument  stands  on  a  tripod  with  leveling  screws.  The  central 
axis,  0,  has  within  it  a  hollow  axis,  b,  with  which  the  plate,  d,  turns,  carrying 
the  verniers  and  also  the  observing  telescope,  the  upright  support  of  which  is 
shown  at  B.  Within  &  is  a  second  hollow  axis,  e,  which  carries  the  graduated 
circle,  /,  above,  and  which  is  turned  by  the  screw-head,  g;  the  tangent  screw, 
a,  serves  as  a  fine  adjustment  for  the  observing  telescope,  B,  the  screw,  c,  being 
for  this  purpose  raised  so  as  to  bind  b  and  e  together.  The  tangent  screw,  0, 
is  a  fine  adjustment  for  the  graduated  circle.  Again,  within  e  is  the  third 
axis,  A,  turned  by  the  screw-head,  i,  and  within  h  is  the  central  rod,  which 
carries  the  Support  for  the  crystal,  with  the  adjusting  and  centering  con- 
trivances mentioned  below.    This  rod  can  be  raised  or  lowered  by  the  screw,  k, 

*  The  figure  here  used  is  from  the  cataloKUe  of  Fuees. 
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SO  as  to  bring  the  ciystal  to  the  proper  height  —  that  is,  up  to  the  axis  of  the 
telescope;  when  this  has  been  accomplished,  the  clamp  at  p,  tmned  by  a 
set-key,  binds  8  to  the  axis,  h.  The  movement  of  h  can  take  place  independ- 
ently of  g,  but  after  the  crystal  is  ready  for  measurement  these  two  axes  are 
bound  together  by  the  set-screw,  l.  The  signal  telescope  is  supported  at  C, 
firmly  attached  to  one  of  the  legs  of  the  tripod.  The  crystal  is  mounted  on 
the  plate,  w,  with  wax,  the  plate  is  clamped  by  the  screw,  v.  The  centering 
apparatus  consists  of  two  slides  at  right  angles  to  each  other  (one  of  these  is 
shown  in  the  figure)  and  the  screw,  a,  which  works  it;  the  end  of  the  other 
corresponding  screw  is  seen  at  a\  The  adjusting  arrangement  consists  of 
two  cylindrical  sections,  one  of  them,  r,  shown  in  the  figure,  the  other  at  r'; 
the  cylinders  have  a  common  center.  The  circle  on  /  is  graduated  to  d^rees 
and  quarter  degrees,  and  the  vernier  gives  the  readings  to  30". 

A  brilliant  source  of  Ught  is  placed  behind  the  collimator  tube  which  is 
at  the  top  of  the  support  C.  Openings  of  various  size  and  character  are  pro- 
vided at  the  rear  end  of  this  tube  in  order  to  modify  the  size  and  shape  of  the 
beam  of  light  that  is  to  be  reflected  from  the  crystal  faces.  The  most  com- 
monly used  opening  is  one  made  by  placing  two  circular  disks  nearly  in  con- 
tact with  each  other  leaving  between  them  an  hour-glass  shaped  figure.  The 
telescope  tube  L  is  provided  with  several  removable  telescopes  with  lenses 
which  have  different  angular  breadths  and  magnif3ring  powers  and  hence  are 
suitable  for  observing  faces  varying  in  size  and  degree  of  polish.  At  the  front 
of  the  tube  L  there  is  a  lens  which  is  so  pivoted  that  it  may  be  thrown  into  or 
out  of  the  axis  of  the  telescope.  When  this  lens  lies  in  the  axis  of  the  tube  it 
converts  the  telescope  into  a  low-power  microscope  with  which  the  crystal 
may  be  observed.  Without  this  lens  the  telescope  has  a  long-distance  focus 
and  only  the  beam  of  light  reflected  from  the  crystal  face  can  be  seen. 

The  method  of  use  of  the  instrument  is  briefly  as  follows.  The  little  plate  u  is  removed 
and  upon  it  is  fastened  by  means  of  some  wax  the  crystal  to  be  measured.  The  faces  of 
the  zone  that  is  to  be  measured  should  be  placed  as  nearly  as  possible  vertical  to  the  sur- 
face of  this  plate.  It  will  usuall>r  facilitate  the  subsequent  adjustment  if  a  prominent  face 
in  this  zone  be  placed  so  that  it  is  parallel  to  one  of  the  edges  of  the  plate  u.  This  plate 
with  the  attached  crystal  is  then  fastened  in  place  by  the  screw  v.  During  the  prelimmary 
adjustments  of  the  crystal  the  small  lens  in  front  of  the  tube  L  is  placed  in  its  axis  and  the 
crystal  observed  through  the  microscope  thus  formed.  It  is  usiudly  better  also  to  make 
these  first  adjustments  outside  the  dark  room  in  daylight.  By  means  of  the  screw-head  k 
the  central  oost  is  raised  or  lowered  until  the  center  of  the  crystal  lies  in  the  plane  of  the 
tdescope.  Next  by  means  of  the  two  sliding  tables  controlled  by  the  screw-heads  a  and  a' 
the  crystal  is  adjusted  so  that  the  edge  over  which  the  angle  is  to  be  measured  coincides 
with  the  axis  of  the  instrument.  This  adjustment  is  most  easily  accomplished  by  turning 
the  central  post  of  the  instrument  until  one  of  these  sliding  plates  lies  at  right  angles  to 
the  telescope  and  then  by  turning  its  screw-head  bring  the  intersection  in  question  to  coin- 
cide with  tne  vertical  cross-hair  of  the  telescope  tube.  Then  turn  the  post  until  the  other 
plate  lies  at  right  angles  to  the  telescope  and  make  a  similar  adjustment.  Then  in  a  similar 
manner  by  means  of  the  tipping  screws  x  and  y  bring  the  intersection  between  the  faces 
to  a  position  parallel  with  the  vertical  cross-hair  of  tne  telescope.  By  a  combination  of 
these  adjustments  this  edge  should  be  made  to  coincide  with  the  vertical  cross-hair  and  to 
remain  stationary  while  tne  crystal  is  revolved  upon  the  central  post  of  the  instrument. 
Next  the  instrument  is  taken  into  the  dark  room  and  a  light  placed  behind  the  collimator 
tube,  and  the  crystal  turned  until  one  of  the  faces  is  seen  through  the  tube  L  to  be  bristly 
illuminated.  Then  the  little  lens  in  the  front  of  this  tube  is  raised  and  the  reflection  of  the 
beam  of  light,  or  signal  as  it  is  called,  should  lie  in  the  field.  If  the  preliminary  adjust- 
ments were  accurate  the  horizontal  cross-hair  will  bisect  this  signal.  In  the  majority  of 
cases,  however,  further  slight  adjustments  will  be  necessary.  Before  the  angles  between 
the  faces  can  be  measured  their  various  signals  must  all  be  bisected  by  the  horizontal  cross- 
hair.   When  these  conditions  are  fulfilled  each  signal  in  turn  is  brought  into  place  so  that 
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it  a  bisected  abo  by  the  vertinl  crow-hAir  &nd  ita  ■■ngiiUr  position  read  by  means  of  the 
greduaUd  scale  ana  vernier.  The  difference  between  the  ao^es  for  tno  faces  gives  the 
normal  angle  between  them.  In  making  these  readings  care  must  be  taken  that  the  plate 
on  which  the  graduated  rircle  is  engraved  is  turned  with  the  central  poet.  In  order  to 
do  this  only  the  screw-head  g  must  be  used  unless,  as  is  wise,  the  two  screw-heads  t  and  g 
have  been  previoiwly  clamped  together  by  means  of  i.  For  the  accurate  adjustment  of  the 
Eignals  on  the  vertical  cross-hair  the  tangent  screw  0  is  used.  In  making  a  record  of  the 
andes  measured  it  is  important  to  noto  accurately  the  face  from  which  each  signal  is  derived 
ana  the  character  of  the  aignal.  It  is  frequently  helpful  to  make  a  sketch  of  the  outlines 
of  the  different  faces  and  number  or  letter  them. 

232.  Theodolite-Goniometer.  —  A  form  ctf  gomometer  *  having  many 
practical  advantages  and  at  preseiit  in  wide  use  has  two  independent  circles 


Two-oircle  R«flectioii  Goniometer 

and  is  commonly  known  as  the  tioo-circte  goniometer.  It  is  used  in  a  manner 
analagous  to  that  of  the  ordinary  theodolite.  lufitrumeats  of  this  type  were 
devised  independently  by  Fedorow,  Czapski  and  Goldschmidt.  Other 
models  have  been  described  since.  In  addition  to  the  usual  graduated  hori- 
zontal circle  of  Fig.  380,  and  the  accompanying  telescope  and  collimator,  a 
second  graduated  circle  is  added  which  revolves  in  a  plane  at  right  angles  to 
the  first.     Fig.  381,  after  Goldschmidt,  gives  a  cross-sectional  view  of  one  of 

•  Fed<«ow,  Universal  or  Theodolit-Goniometer,  Za.  Kryat.,  SI,  S74,  1893;  SS,  229, 
1893:  Csapski,  Zeitachr.  f.  Instrumentenkunde,  I,  1893;  Goldschmidt,  Ze.  Kryst.,  SI,  210, 
1892;  84,  610,  1896;  U,  321,  53S,  1896;  29,  333,  &B9,  1898.  On  the  method  of  Gold- 
Khmidt,  see  Palach^  Am.  3.  Sc.,  S,  279,  1896;  Amer.  Mineral,  6,  No.  2,  et  aeq.,  1920.  A 
eimplified  form  of  toe  theodolite-goniometeT  is  deecribed  by  StAber,  Ze.  Kryst.,  S9,  25, 
1897;  04,442. 
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the  earlier  machines  devised  by  him.    It  will  serve  to  illustrate  the  essential 
features  of  the  instrument. 

The  crystal  to  be  measured  is  attached  at  the  end  of  the  axis  (h)  of  the 
vertical  circle  and  so  adjusted  by  means  of  suitable  centering  and  tipping 
devices  that  a  given  plane,  called  the  polar  plane,  is  normal  to  this  axis  and 
lies  directly  over  the  axis  of  the  horizontal  circle.  In  using  the  instrument, 
instead  of  directly  measuring  the  interfacial  angles  of  the  crystal,  the  position 
of  each  face  is  determined  independently  of  the  others  by  the  measurement  of 
its  angular  co-ordinates,  or  what  might  be  called  its  latitude  and  longitude. 
These  co-ordinates  are  the  angles  (^  and  p  of  Goldschmidt)  measured,  respec- 
tively, in  the  vertical  and  horizontal  circles  from  an  assimied  pole  and  merid- 
ian, which  are  fixed,  in  most  cases,  by  the  symmetry  of  the  crystal.  In  prac- 
tice the  crystal  is  usually  so  mounted  that  its  prismatic  zone  is  perpendicular 
to  the  vertical  circle.  A  plane  at  right  angles  to  this  zone,  i.e.,  the  basal  plane 
in  the  first  four  systems,  is  known  as  the  polar  plane  and  its  position  when 
reflecting  the  signal  into  the  telescope  establishes  the  zero  position  for  the 
horizontal  circle.  The  position  of  a  pinacoid,  usually  the  010  plane,  in  the 
prism  zone  establishes  the  zero  position  for  the  vertical  circle.  For  example, 
with  an  orthorhombic  crystal,  for  the  pyramid  111,  the  angle  ^  (measured  on 
the  vertical  circle)  is  equal  to  010  A  110  and  p  (measured  on  the  horizontal 
circle)  is  equal  to  001  A  111. 

Goldschmidt  has  shown  that  this  instrument  is  directly  applicable  to  the 

system  of  indices  and  methods  of 
calculation  and  projection  adopted 
by  him,  which  admit  of  the  deducing 
of  the  elements  and  symbols  of  a 
given  crystal  with  a  minimum  of 
labor  and  calculation.*  Fedorow 
has  also  shown  that  this  in- 
strument, with  the  addition  of  the 
appUances  devised  by  him,  can  be 
most  conveniently  used  in  the  crys- 
tallographic  and  optical  study  of 
crystals. 

The  following  hints  as  to  the  methods  of 
using  this  instrument  may  prove  helpful. 
The  telescope  and  collimator  tube 
are  placed  at  some  convenient  angle 
to  each  other  (usually  about  70°) 
and  then  clamped  in  position.  The 
next  step  is  to  find  the  polar  posi- 
tion of  the  horizontal  circle^  i.e,,  the  position  at  which  a  crystal  plane  lying  at  right  angles 
to  the  axis  of  the  vertical  circle  will  Uirow  the  reflected  beam  of  light  on  to  the  cross-hairs 
of  the  telescope.  Obviously  the  plane  under  these  conditions  must  be  normal  to  the 
bisector  of  the  angle  between  the  axes  of  the  collimator  and  telescope,  the  line  B-P,  Fig. 
382.  The  methodby  which  this  polar  position  is  found  is  as  follows:  Some  reflecting  sur- 
face is  mounted  upon  the  end  of  the  post  h,  Figs.  381,  382,  making  some  small  inclined 
angle  to  the  plane  normal  to  that  post.    Then  by  turning  the  instrument  in  both  the  hori- 


♦  See  Goldschmidt's  Krystallographische  Winkeltabellen  (432  pp.,  BerUn,  1897). 
This  gives  the  angles  required  by  his  system  for  all  known  species.  See  also  Zs.  Kryst., 
89,  361,  1898.  The  same  author's  atlas  der  Krystallformen,  1913  el  seq.j  is  a  monumental 
work  giving  all  previously  published  crystal  figures  together  with  a  discussion  of  the  forms 
observed  upon  them. 
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sontal  and  vertical  planes  this  surface  is  brought  into  the  proper  position  to  reflect  the 
signal  into  the  telescope,  see  position  I,  Fis.  382.  The  horizontal  angle  of  this  position  is 
ooted.  Then  the  vertical  cu'cle  is  tumea  throueh  an  angle  of  180°.  This  brings  the 
reflecting  surface  into  the  position  indicated  by  the  dotted  lines  in  the  figure.  In  order 
to  again  bring  this  surface  back  to  its  reflecting  position  the  vertical  circle  with  the  post 
h  must  be  moved  in  the  horizontal  plane  until  the  position  II  is  reached.  The  horizontal 
reading  of  this  position  is  also  noted.  The  angle  midway  between  these  two  readings  is 
the  ^oiai  position  desired.  That  is,  when  the  post  h  lies  in  the  direction  of  the  broken 
line  JP-B  a  plane  normal  to  its  axis  would  reflect  a  beam  of  light  from  the  collimator  into 
the  telescope.  This  position  constitutes  the  zero  position  of  the  horizontal  circle  from 
which  the  p  angles  are  measured. 

The  method  used  to  adjust  a  crystal  upon  the  instrument  so  that  it  will  occup}r  the 
proper  position  for  measurement  will  vanr  with  the  character  of  the  crystal.     A  few  illus- 
trations follow.     1.   If  the  crystal  has  a  basal  plane  at  right  angles  to  a  prism  xone.    The 
crystal  is  mounted  upon  the  post  h  so  that  the  faces  of  the  prism  zone  lie  as  nearly  as  pos- 
sible parallel  to  the  axis  of  tne  post  or  the  basal  plane  as  nearly  as  possible  normal  to  it. 
Then  the  instrument  is  moved  until  the  reading  of  the  horizontal  circle  agrees  with  the 
polar  position  already  determined.     Then  by  means  of  the  tipping  screws  the  crystal  is 
moved  until  the  reflection  from  the  basal  plane  is  centered  upon  the  cross-hairs  of  tne  tele- 
scope.   If  the  adjustments  have  been  accurately  made  the  signal  will  remain  stationary 
while  the  vertical  circle  is  revolved.     Next  the  horizontal  circle  is  moved  through  an  ang^ 
of  90°.    This  will  bring  the  reflections  from  the  faces  of  the  prism  zone  into  the  telescope. 
If  the  pinacoid  010  is  present  the  vertical  circle  is  turned  until  the  reflected  signal  from  tnis 
face  fedls  on  the  horizontal  cross-hair.     The  reading  of  the  vertical  circle  under  these  con- 
ditions establishes  the  position  of  the  meridian  from  which  the  0  angles  are  measured. 
If  the  pinacoid  010  is  not  present  it  is  usually  possible  to  determine  its  theoretical  position 
from  the  position  of  other  faces  in  the  prism  zone  or  in  the  zone  between  010  and  100. 
2.  //  (here  is  no  basal  plane  ^^esent  upon  the  crystal  but  a  good  prism  zone.    Under  these  cir- 
cumstances the  horizontal  cu*cle  is  turned  until  it  is  exactly  90°  away  from  its  determined 
polar  an^e  and  then  the  crystal  adiusted  by  means  of  the  tipping  scr  ews  until  the  signals 
from  the  faces  of  the  prism  zone  all  fall  on  the  vertical  cross-nair  as  the  vertical  circle  of 
the  goniometer  is  turned.     3.   //  neit?ier  basal  plane  or  prism  zone  is  available  but  there  are 
two  or  more  faces  present  which  are  equally  inclined  to  a  weoretical  bcuMl  plane.    First  adjust 
the  crystal  as  nearly  as  possible  in  the  proi>er  position  and  then  obtaining  reflections  from 
these  faces  note  the  horizontal 
circle  reading     in   each    case. 
Take  an  average  of  these  read- 
ing and  adding  or  subtracting 
this  angle  frona  the  polar  angle 
of  the  horizontal  scale  place 
the  instrument  in  this  position. 
Then  by  tipping  the  crystal 
try  to  bring    it   into   such   a 
position  that  all  of  these  faces 
will  successively  reflect  the  sig- 
nal into  the  telescope  as  the 
vertical  circle  is  turned.    The 
operation  may  have  to  be  re- 
peated two  or  three  times  before 
the  final  adjustment  is  made. 
If  the  ande  between  the  inclined 
faces  and  the  theoretical  base 
is  known  the  instrument  can 
be  set  in  the  proper  position 
at    once     and     the     crystal 
brought  into  adjustment  very 
quickljr.     Other  problems  will 
wise   in    practice    but    their 
solution  will  be  along  similar  lines  to  those  suggested  above.     It  may  frequently  happen 
that  more  than  one  method  of  adjustment  may  oe  used  with  a  given  crystal.     In  that  case 
the  faces  giving  the  best  reflections  should  be  used.    It  shoiud  be  emphasized  that  the 
prehminary  adjustment  of  the  crystal  is  of  supreme  importance  since  all  measurements  of 
the  co-ordinates  of  the  different  faces  depend  upon  it.    It  is  wise  to  check  the  adjustment 
m  aU  possible  ways  before  making  the  measiu^ments. 
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After  these  adjustineDts  have  been  completed  the  crystal  is  turned  about  both  the 
horiiontal  and  vertical  plonea  ao  that  each  face  upon  it  aucceesively  reflects  the  si^al 
into  the  telescope.  The  boriioiital  and  vertical  reading  are  made  in  each  caae.  The 
forma  present  can  then  be  readilv  plotted  in  either  the  Btereographio  or  KDomonic  i»ojec- 
tions.  Fis.  383  shows  how  the  forma  of  a  simple  crystal  of  topa>  could  be  plotted  in  the 
BtercoKrapnic  proiection  from  the  *  and  p  angles  obtained  from  it  —  the  two  circle  |^ni- 
omet«r  measurements.  For  each  face  the  vertical  circle  angle,  ^,  is  plotted  on  the  divided 
circle,  the  position  of  6(010)  giving  the  icro  point  while  the  horiiontal  circle  angle  is  plotted 
on  a  radial  line  (rom  the  center  dr  the  projection,  thepoeitionof  c(OOI)  giving  its  cero  point. 


COMPOUND  OR  TWIN  CRYSTALS 

233.  Twin  Ciystals.  —  Twin  crystals  are  those  in  which  one  or  more 
parts  regularly  arranged  are  in  reverse  position  with  reference  to  the  other 
part  or  parts.  They  often  appear  externally  to  consist  of  two  or  more  crystals 
symmetrically  united,  and  sometimes  have  the  form  of  a  cross  or  star.  They 
also  exhibit  the  composition  in  the  reversed  arrangement  of  part  of  the  faces, 
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in  the  strise  of  the  surface,  and  in  re-entering  angles;  in  certain  cases  the 
compound  structure  can  only  be  surely  detect«l  by  an  examination  in  polar- 
ized light.  The  above  figures  (Figs.  384-386)  are  examples  of  typical  kinds  of 
twin  crystals,  and  many  others  are  given  on  the  pages  following. 

To  Ulustrate  the  relation  of  the  parts  in  a  twin  crystal,  Figs.  387,  388  are 
given.  Fig.  387  shows  a  regular  octahedron  divided  into  halves  by  a  .plane 
parallel  to  an  octahedral  face.  If  now  the  lower  half  be  supposed  to  be  re- 
volved 180°  about  an  axis  normal  to  this  plane,  the  twinned  octahedron  of 
Fig.  388  results.  This  is  a  common  type  of  twin  in  the  isometric  system, 
and  the  method  here  employed  to  describe  the  position  of  the  parts  of  the 
crystal  to  one  another  is  apphcable  to  nearly  all  twins. 

234.  Distinction  between  Tmnning  and  Parallel  Grotiping.  —  It  is 
important  to  understand  that  crystals,  or  parts  of  crystals,  so  grouped  as  to 
occupy  parallel  positions  with  reference  to  each  other  —  that  is,  those  whose 
similar  faces  are  parallel  —  are  not  called  twins;  the  term  is  applied  only 
where  the  crystals  or  parts  of  them  are  united  in  their  reversed  position  in 
accordance  with  some  deducible  mathematical  law.  Thus  Fig.  389,  which 
represents  a  cluster  of  partial  crystals  of  analcit«,  is  a  case  of  parallel 
growping  simply  (see  Art.  262) ;  but  Fig.  407  illustrates  twinning,  and  this  is 
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true  of  Fig.  416  also.    Since  though  in  these  cases  the  axes  remain  parallel 
the  aimilar  faces  {and  planes  of  symmetry)  are  reversed  in  position. 

236.  Twinning-A^s.  - —  The  relative  position  of  the  parts  of  a  twinned 
crj'stal  can  be  best  described  as  just  explained,  by  reference  to  that  line  or 
axis  called  the  tvnnnin^-axis,  a  revolution  of  180°  about  which  would  serve  to 
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bring  the  twinned  part  parallel  to  the  other,  or  in  other  words,  which  would 
cause  one  of  the  parallel  parts  to  take  a  twinned  position  relatively  to  the  other. 

The  twinning-axis  is  always  a  possible  crystalline  line  —  that  is,  either 
a  crystallographic  axis  or  the  normal  to  some  possible  face  on  the  crystal, 
usually  one  of  the  common  fundamental  forms. 

It  is  not  to  be  supposed  that  ordinary  twins  have  actually  been  formed  by 
such  a  revolution  of  the  parts  of  crystals,  for  all  twins  (except  those  of  second- 
ary origin,  see  Art  242}  are  the  result  of  regular  molecular  growth  or  enlarge- 
ment, like  that  of  the  simple  crystal.  This  reference  to  a  revolution,  and  an 
axis  of  revolution,  is  only  a  convenieut  means  of  describing  the  forms. 

In  certain  rare  cases,  particularly  of  certain  pseudo-hexagonal  species,  a 
revolution  of  60°  or  120°  about  a  normal  to  the  base  has  been  assumed  to 
explain  the  complex  group  observed. 

236.  Twinnlng-Plane.  —  The  plane  normal  to  the  axis  of  revolution  is 
called  the  twinning-plam.  The  axis  and  plane  of  twinning  bear  the  same 
relation  to  both  individuals  in  their  reversed  position;  consequently,  in  the 
majority  of  cases,  the  twinned  crystals  are  symmetricaJ  with  reference  to  the 


The  twiiming-plane  is,  with  rate  exceptions,  parallel  to  a  possible  occurring 
face  on  the  given  species,  and  usually  one  of  the  more  frequent  or  fundamental 
forms.  The  exceptions  occur  only  in  the  triclinic  and  monoclinic  systems, 
where  tbe  twinning-axis  is  sometimes  one  of  the  oblique  crystallographic  axes, 
and  then  the  plane  of  twinning  normal  to  it  is  obviously  not  necessarily  a 
crystallographic  plane;  this  is  conspicuously  true  in  albite. 

237.  Composition-Plane.  —  The  plane  by  which  the  reversed  crystals 
are  united  is  the  eompoaition-plane.  This  and  the  twiiming-plane  very  com- 
monly coincide;  this  is  true  of  the  simple  example  given  above  (Fig.  388), 
where  the  plane  about  which  the  revolution  may  be  conceived  to  take  place 
(normal  to  the  twinning-axis)  and  the  plane  by  which  tbe  semi-individuals  are 
united  are  identical.  When  not  coincidii^,  the  two  planes  are  generally  at 
right  angles  to  each  other  —  that  is,  the  composition-plane  is  parallel  to  the 
axis  of  revolution.    Examples  of  this  are  given  below.    Still  again,  where  the 
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crystals  are  not  regularly  developed,  and  where  they  interpenetrate,  the  eon- 
tact  surface  may  be  interrupted,  or  may  be  exceedingly  irregular.  In  such 
cases  the  axis  and  plane  of  twinning  have,  as  always,  a  definite  position,  but 
the  composition-plane  loses  its  sign^cance. 

Thus  in  quartz  twins  the  interpenetrating  parts  have  often  no  rectilinear 
boundary,  but  mingle  in  the  most  irregular  manner  throughout  the  mass, 
showing  this  composite  irregularity  by  abrupt  variations  in  the  character  of 
the  surfaces.  This  irregular  internal  structure,  found  in  many  quartz  crystals, 
even  the  common  kinds,  is  well  brought  out  by  means  of  polarized  light;  also 
by  etching  with  hydrofluoric  acid. 

The  composition-plane  has  sometimes  a  more  definite  signification  than  the 
twinning-plane.    This  is  due  to  the  fact  that  in  many  cases,  whereas  the  former 

is  fixed,  the  twinning-axis  (and  twinning-plane)  maybe  exchanged 
for  another  line  (and  plane)  at  right  angles  to  each,  respectively, 
since  a  revolution  about  the  second  axis  will  also  satisfy  the 
conditions  of  producing  the  required  form.    An  example  of  this 
is  furnished  by  Fig.  390,  of  orthoclase;  the  composition-plane 
is  here  fixed  —  namely,  parallel  to  the  crystal  face,  fc(OlO). 
But  the  axis  of  revolution  may  be  either  (1)  parallel  to  this 
face  and  normal  to  a(lOO),  which   is  then  consequently  the 
twinning-plane,  though  the  axis  does  not   coincide  with  the 
crystallographic  axis;  or  (2)  the  twinning-axis  may  be  taken  as 
coinciding  with  the  vertical  axis,  and  then  the  twinning-plane 
Orthoclase    normal  to  it  is  not  a  crystallographic  face.    In  other  simpler 
cases,  also,  the  same  principle  holds  good,  generally  in  con- 
sequence of  the  possible  mutual  interchange  of  the  planes  of  twinning  and 
composition.    In  most  cases  the  true  twinning-plane  is  evident,  since  it  is 
parallel  to  some  face  on  the  crystal  of  simple  mathematical  ratio. 

288.  An  interesting  example  of  the  possible  choice  between  two  twinning-axes  at  right 
angles  to  each  other  is  lumiBhed  by  the  species  staurolite.  Fig.  439  shows  a  prismatic  twin 
from  Fannin  Co.,  Ga.  The  measured  angle  for  66  was  70°  30'.  The  twinning-axis  deduced 
from  this  may  be  normal  to  the  face  (230),  which  would  then  be  the  twinning-plane.  Or. 
instead  of  this  axis,  its  complementary  axis  at  right  angles  to  it  may  be  taken,  which  would 
equally  weU  produce  the  observed  form.  *  Now  in  this  species  it  happens  that  the  faces,  l30 
and  230  (over  100),  are  almost  exactly  at  right  angles  with  each  other,  and,  according  to  the 
latter  supposition,  130  becomes  the  twinning-plane,  and  the  axis  of  revolution  is  normal  to 
it.  Hence,  either  230  or  130  may  be  the  twinning-plane,  either  supposition  agreeing  closely 
with  the  measured  angle  (which  could  not  be  obtamed  with  great  accuracy).  The  former 
method  of  twinning  (tw.  pi.  230)  conforms  to  the  other  twins  observed  on  the  species,  and 
hence  it  mav  be  accepted.  What  is  true  in  this  case,  however,  is  not  always  true,  for  it 
will  seldom  happen  that  of  the  two  complementary  axes  each  is  so  nearlj^  normal  to  a  face 
of  the  crystal.  In  most  cases  one  of  the  two  axes  conforms  to  the  law  in  being  a  normal 
to  a  possible  face,  and  the  other  does  not,  and  hence  there  is  no  doubt  as  to  which  is  tiie 
true  twinning-axis. 

Another  mteresting  case  is  that  furnished  by  columbite.  The  common  twins  of  the 
species  are  similar  to  Fig.  385,  p.  160,  and  have  6(021)  as  the  twinning-plane;  but  twins 
also  occur  like  Fig.  434,  p.  169,  where  the  twinning-plane  is  ^(023).  The  two  faces,  021 
and  OSS,  are  nearly  at  right  angles  to  each  other,  but  the  measured  angles  are  in  this  case 
sufficiently  exact  to  prove  that  the  two  kinds  cannot  be  referred  to  one  and  the  same  law. 

239.  Contact-  and  Penetration-Twins.  —  In  contact-dvnnsy  when  nor- 
mally formed,  the  two  halves  are  simple  connate,  being  united  to  each  other 
by  the  composition-plane;  they  are  illustrated  by  Figs.  385,  388,  etc.  In 
actual  crystals  the  two  parts  are  seldom  symmetrical,  as  demanded  by 
theory,  but  one  may  preponderate  to  a  greater  or  less  extent  over  the  other; 
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in  some  cases  only  a  small  portion  of  the  second  individual  in  the  reversed 
potation  may  exist.  Very  great  irregularities  are  observed  in  nature  in  this 
respect.  Moreover,  the  re-entering  angles  are  often  obliterated  by  the  abnor- 
mal developments  of  one  or  other  of  the  parts,  and  often  only  an  indistinct  line 
on  some  of  the  faces  marks  the  division  between  the^two  individuals. 

Penetratum-twins  are  those  in  which  two  or  more  complete  crystals  inter- 
penetrate, as  it  were  crossing  through  each  other.  Normally,  the  crystals  have 
a  common  center,  which  is  the  center  of  the  axial  system  for  both;  practically, 
however,  as  in  contact-twins,  great  irr^ularities  occur. 

Examples  of  twins  of  this  second  land  are  given  in  the  annexed  figures. 
Figs.  386  and  301  of  fiuorite.  Fig.  392  of  tetrahedrite,  and  Fig.  393  of  chabazite. 
Other  examples  occur  in  the  pages  following,  as,  for  instance,  of  the  species 
staurolite  (Figs.  438-441),  the  crystals  of  which  sometimes  occur  in  nature 
with  almost  the  perfect  symmetry  demanded  by  theory.  It  is  obvious  that 
the  distinction  between  contact-  and  penetration-twins  is  not  of  great  import- 
ance, and  the  line  cannot  always  be  clearly  drawn  between  them. 
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840.  Paragenic  and  Metagenic  Twins.  —  The  distinction  of  paragenic  and  metagenic 

twins  belong  rather  to  crystaUogeny  than  crystallo^aph^r.    Yet  the  forms  are  often  so 

obviously  distinct  that  a  brief  notice  of  the  distinction  is  important.  ^ 

In  ordinary  twins,  the  compound  structure  had  its  beginning  in  a  nucleal  compound 

molecule,  or  was  compound  in  its  vex^*^  origin;  and  whatever 
inequalities  in  the  result,  these  are  only  irregularities  in  the  devel- 
opment from  such  a  nucleus.  But  in  others,  the  crystal  was  at 
first  simple;  and  afterwards,  through  some  change  in  itself  or  in 
the  condition  of  the  material  supplied  for  its  increase^eceived  new 
la^rerSj  or  a  continuation,  in  a  reversed  position.  This  mode  of 
twinnmg  is  metagenic,  or  a  result  subsequent  to  the  origin  of  the 
crystal;  while  the  ordinary  mode  is  paragenic.  One  form  of  it  is 
iUustrated  in  Fig.  394.  The  middle  portion  had  attained  a  length  of 
half  an  inch  or  more,  and  then  became  geniculated  simultaneously 
at  either  extremity.  These  genie  ulations  are  often  repeated  in 
rutile,  and  the  endis  of  the  crystal  are  thus  bent  into  one  another, 
and  occasionally  produce  near^^  regular  prismatic  forms. 

This  metagemc  twinning  is  sometimes  presented  by  the  successive 
layers  of  deposition  in  a  crystal,  as  in  some  quartz  crvstals,  especially 
amethyst,  the  inseparable  layers,  exceedindy  thin,  pein^  of  opposite 
kinds.  In  a  similar  manner,  crystals  of  the  triclinic  feldspars, 
albite.  etc.,  are  often  made  up  of  thin  plates  parallel  to  6(010).  by  oscillatory  composition, 
and  tne  face  c(OOl),  accordingly,  is  finely  striated  parallel  to  the  edge  c/h. 

241.  Repeated  Twinnmg,  Polysynthetic  and  Symmetrical.  —  In  the 
preceding  paragraph  one  case  of  repeated  twinning  has  been  mentioned,  that 
of  the  feldspars;  it  is  a  case  of  parallel  repetition  or  parallel  grouping  in  re- 
versed position  of  successive  crystalline  lamellse.    This  kind  of  twinning  is 
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often  called  polysynthetic  twinning,  the  lamells  in  many  cases  being  extmnely 
thin,  and  giving  rise  to  a  series  of  parallel  lines  (striations)  on  a  crystal  face  or 
a  siu^ace  of  cleavage.  The  trtcUnic  feldspars  show  in  many  cases  polj^yn- 
thetic  twinning  and  not  infrequently  on  both  c(001)  and  6(010),  cf.  p.  172. 
It  is  also  observed  with  magnetite  (Fig.  474),  pyroxene,  bante,  etc. 

Another  kind  of  repeated  twinning  is  illustrated  by  Figs,  39&~400,  where 
the  successively  reversed  individuals  are  not  parallel.  In  these  cases  the  axes 
may,  however,  lie  in  a  zone,  as  the  prismatic  twins  of  nragonite,  or  they  may 
be  inclined  to  each  other,  as  in  Fig.  397  of  staurolite  In  all  such  cases  the 
repetition  of  the  twinning  tends  to  produce  circular  forms,  when  the  angle 
between  the  two  axial  systems  is  an  aliquot  part  of  360°  (approximately). 
Thus  six-rayed  twinned  crystals,  consisting  o(  three  individuals  (hence  called 
triUin^a),  occur  with  chrysoberyl  (Fig.  395),  or  cerussite  (Fig.  396),  or  staurolite 
(F^.  397),  since  three  times  the  angle  of  twinning  in  each  case  is  not  far  from 
360°.    Again,  five-fold  twins,  or^^tn^rs,  occur  in  the  octahedrons  of  gold  and 


Spinel 


Rutile 


PhUUpeite 


Spinel  (Fig  398),  since  5  X  70°  32'  =  360°  (approx.).  Eight^fold  twins,  or 
eighUinga,  of  rutile  (Figs.  399, 413)  occur,  since  the  an^e  of  the  axes  in  twinned 
position  goes  approximately  eight  times  in  360°. 

Repeated  twinning  of  the  symmetrical  type  often  serves  to  give  the  com- 
pound crystal  an  apparent  symmetry  of  higher  grade  than  that  of  the  simple 
individual,  and  the  result  is  often  spoken  of  as  a  kind  of  pseudo-symmetry 
(Art.  20),  cf.  Fig.  431  of  aragonite,  which  represents  a  basal  section  of  a 
pseudo-hexagonal  crystal.     Fig.  400  of  pbillipsite  (cf.  Figs.  452-454}  is  an  inter- 
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esting  case,  since  it  shows  how  a  multiple  twin  of  a  moaoclinic  crystal  may 
simulate  an  isometric  crystal  (dodecahedron). 

Ck>mpouDd  crystals  in  which  twinning  exists  in  accordance  with  two  laws 
at  once  are  not  of  common  occurrence'  an  excellent  example  is  afforded  by 
staurolite,  Fig.  441.  They  have  also  oeen  observed  with  albite,  orthoclase, 
and  in  other  cases. 

242.  Secondary  Twinning.  —  When  there  is  reason  to  believe  that  the 
twinning  has  been  produced  subsequently  to  the  original  formation  of  the 
crystal,  or  crystalline  mass,  as,  for  example,  by  pressure,  it  is  said  to  be 
secondary.  'Thus  the  calcite  grains  of  a  crystalline  limestone  often  show  such 
secondary  twinning  lamellse.  The  same  are  occasionally  observed  (||c,  001) 
in  pyroxene  crystals.  Further,  the  polysynthetic  twinning  of  the  triclinio 
feld^wrs  is  often  secondary  in  origin.  This  subject  is  further  discussed  on  a 
later  page,  where  it  is  also  explained  that  in  certain  cases  twinning  may  be 
produced  artificially  in  a  crystal  individual  —  e.g.,  in  calcite  (see  Art.  282). 

EXAMPLES  OF  IMPORTANT  METHODS  OF  TWINNING 

243.  Isometric  System.  —  With  few  exceptions  the  twins  of  the  normal 
class  of  this  system  are  of  one  kind,  the  twinning-axiB  an  octahedral  uds,  and 
the  twinnii^-plane  consequently  parallel  to  an  octahedral  face;  in  most  cases, 
also,  the  latter  coincides  with  the  compoeition-plane.    Fig.  388,  p.  161,* 


Galena  HaUynite  Sodalite 

shows  this  kind  as  applied  to  the  simple  octahedron;  it  is  especially  common 
with  the  spinel  group  of  minerals,  and  is  hence  called  in  general  a  »pinel-tmn. 
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Fig.  401  is  a  similar  more  complex  form;  Fig.  402  shows  a  cube  twiimed  by  this 
method,  and  Fig.  403  represents  the  same  form  but  shortened  in  the  direction 
of  the  octahedral  axis,  and  hence  having  the  anomalous  aspect  of  a  triangular 
pyramid.     All  these  cases  are  contact-twins. 

Penetration-twins,  following  the  same  law,  are  also  conmion.     A  simple 
case  of  fluorite  is  shown  in  Fig.  391,  p.  163;   fig.  404  shows  one  of  galena; 
^^  Fig,  405  is  a  repeated  octahedral  twin  of  hauynite,  and 

Fig.  406  a  dodecahedral  twin  of  sodalite. 

214.  In  the  pyritohedral  ciosa  of  the  isometric  system 
penetration-twins  ot  the  type  shown  in  Fig.  407  are 
common  (this  form  of  pyrite  is  often  called  the  iron 
cross).  Here  the  cubic  axis  is  the  twinnlng-axis,  and 
obviously  such  a  twin  is  impossible  in  the  normal 
class. 

Figs.  408  and  409  show  analogous  forms  with  par- 
allel axes  for   crystals  belonging   to   the   tetrahedral 
pyji^  class .     The    peculiar    development    of    Fig.    408    of 

^^  tetrahedrite  is  to  be  noted.     Fig.  410  is  a  twin  of  the 

ordinary  spinel  type  of  another  tetrahedral  species,  sphalerite;  with  it, 
complex  forms  with  repeated  twinning  are  not  uncommon  and  sometimes 
polj^ynthetic  twin  lamellse  are  noted. 


246.  Tetragonal  System.  —  The  most  common  method  is  that  where 
the  twinning-plane  is  parallel  to  a  face  of  the  pyramid,  c(lOl).  It  is  especially 
characteristic  of  the  species  of  the  rutile  group  —  viz.,  rutile  and  cassiterite: 


Cassiterite  Ziroon  Rutile 

also  similarly  the  allied  species  wrcon.    This  is  illustrated  in  Fig.  411,  and 
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again  in  Fig.  412.  Fig.  413  shows  a  repeated  twin  of  rutile,  the  twinning 
according  to  this  law;  the  vertical  axes  of  the  successive  six  individuals  Ha 
in  a  plane,  and  an  inclosed  circle  is  the  result.  Another  repeated  twin  of  rutile 
according  to  the  same  law  is  shown  in  Fig.  399;  here  the  successive  vertical 
axes  form  a  zigzag  line;  Fig.  414  shows  an  analogous  twin  of  hausmannite. 
Another  kind  of  twinning  with  the  twinnii^-plane  parallel  to  a  face  of  the 
pjTamid  (301)  is  shown  in  Fig.  415. 

246.  In  the  pyramidal  class  of  the  same  system  twins  of  the  type  of  Fig. 
416  are  not  rare.  Here  the  vertical  axis,  c,  is  the  twinning-axis;  such  a  crystal 
may  simulate  one  of  the  norma]  class. 

414  416  416 


Hausmannite 


Scheelite 


In  chalcopyrite,  of  the  sphenoidal  class,  twinning  with  a  face  of  the  unit 
pyramid, /(111),  as  the  twiiming-plane  is  common  (Fig.  417),     As  the  angles 
^j^  differ  but  a  small  fraction  of  a  d^ree  from  those  of  a 

regular  octahedron,  such  twins  often  resemble  closely 
spinel-twins.  The  face  e(lOl)  may  also  be  a  twinning- 
plane  and  other  rarer  types  have  been  noted, 

247.  Hexagonal  System.  —  In  the  hexagonal  divis- 
ion of  this  system  twins  are  rare.  An  example  is 
furnished  by  pyrrhotit«,  Kg.  418,  where  the  twinnii^- 
plane  is  the  pyramid  (lOTl),  the  vertical  axes  of  the 
individual  crystals  being  nearly  at  right  angles  to  each 
ChalcoDvrit*  other  (since 0001  A  1011  =  45'8')- 

'^^  248.    In  the  species  belonging  to  the  trigonal  or 

rhombokedral  division,  twins   are  common.     Thus  the  .j. 

twinning-axis  may  be  the  vertical  axis,  as  in  the 
contact-twins  of  Kgs.  419  and  420,  or  the  penetration- 
twin  of  F^.  393.  Or  the  twinnii^-plane  may  be 
the  obtuse  rhombohedron  e(0lT2),  as  in  Fig, 
421,  the  vertical  axes  crossing  at  angles  of  127j° 
and  52j°.  Again,  the  twinning-plane  may  be  { 
r(lOll),  as  in  Figs.  422-425,  the_  vertical  axes 
nearly   at    right   angles  (90i°);  or  (0221),  as  in  Fig.  Pvrrhotite 

426,  the  axes  inclined  53?"  and   1261°. 

In  the  trapezohedral  class,  the  species  quartz  shows  several  methods  of 
twinning.  In  Fig.  427  the  twinning-plane  is  the  pyramid  ((11^2),  the  axes 
crossins  at  angles  of  84}°  and  95)°.     In  Fig.  428  the  twinning-axis  is  c,  the 
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axes  hence  parallel,  the  iDdi^iduals  both  right-  or  both  left-handed  but  un- 
symmetrical.  r(lOTi)  then  parallel  to  and  coinciding  with  zfOlTl),    There- 


Figs.  419-426,  Caleite 
suiting  forma,  as  in  Fig.  428,  are  moeUy  penetration-twins,  and  the  parts  are 
often  very  irregularly  united,  as  shown  by  dull  areas  (z)  on  the  plus  rhombo- 
hedral  face  (r);  otherwise  these  twins  are  recognized  by  pyro-electrical 
phenomena.  In  Fig.  429  the  twinning-plane  is  a(1120)  —  the  Brazil  law  — 
the  individuals  respectively  right-  and  left-handed  and  the  twin  symmetrical 
with  reference  to  an  a-face;  these  are  usually  irregular  penetration-twins;  in 
these  twins  r  and  r,  also  2  and  t,  coincide     These  twins  often  show,  in  con- 


437 


438 


Figs-  427-429,  Quartz 
verging  pcdarized  light,  the  phenomenon  of  Airy's  spirals.    It  may  be  added 
that  pseudo-twins  of  quartz  are  common  —  that  is,  groups  of  crystals  which 
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nearly  conform  to  some  more  or  less  complex  twioning  law,  but  where  the 
grouping  is  nevertheless  only  accidental  ^^^  ^, 

249.   Orthorhombic  System.  —  In  the 


\l2st3 


orthorhombic  system  the  commonest  /fSBs^-Ji^ 
method  of  twinning  ia  that  where  the  f'  jYl  |l 
twioning-plane  is  a  face  of  a  prism  of  60°, 
or  nearly  60°.  This  is  well  shown  with  the 
species  of  the  aragonite  group.  In  accord- 
ance with  the  principle  stated  in  Art.  241, 
the  twinning  after  this  law  is  often 
repeated,  and  thus  forms  with  pseudo- 
hexagonal  symmetry  result.  Fig.  430 
showa  a  simple  twin  of  aragonite;  Fig.  431 
shows  a  basal  section  of  an  aragonite  triplet 
which  although  it  resembles  a  hexagonal 
prism  reveals  its  twinned  character  by  the  striations  on  the  basal  plane  and 
by  irregularities  on  its  composite  prism  faces  due  to  the  fact  that  the  pris- 
matic angle  is  not  exactly  60°.  With  witherite  (and  bromlite),  apparent 
hexagonal  pyramids  are  common,  but  the  true  complex  twinning  is  revealed 
in  polarized  light,  as  noted  later. 

Twinning  of  the  same  type,  but  where  a  dome  of  60°  is  twinning-plane, 
ia  common  with  arsenopyrite  (tw.  pi.  e(lOl)),  as  shown  in  Figa.  432,  433;  also 


Aragonite 


ArHenopyrite  

Pig.  434  of  columbite,  but  compare  Fig.  385  and  remarks  in  Art  238:     Another 
example  is  given  in  Fig.  395  of  alexandrite  (chrysoberyl).    Chrysolite,  man- 


Marcasite  Marcaeite  Anenopyrite 

ganite,  humite,  are  other  species  with  which  this  kind  of  twinning  is  common. 
Another  common  method  of  twinning  is  that  where  the  twinnmg  is  parallel 
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to  a  face  of  a  prism  of  about  70^^,  as  shown  in  Fig.  435.    With  this  method 
synmietrical  fivelings  not  infrequently  occur  (Figs.  436,  437). 

The  species  staurolite  illustrates  three  kinds  of  twinning.  In  Fig.  438  the 
twinning-plane  is  (032),  and  since  (001  A  032)  =  45°  41',  the  crystals  cross 
nearly  at  right  angles.  In  Fig.  430  the  twinning-plane  is  the  prism  (230).  In 
Fig.  440  it  is  the  pyramid  (232) ;  the  crystals  then  crossing  at  angles  of  about 
60  ,  stellate  trillings  occur  (see  Fig.  397),  and  indeed  more  complex  forms.  In 
Fig.  441  there  is  twinning  according  to  both  (032)  and  (232). 
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In  the  hemimorphic  class,  twins  of  the  type  shown  in  Fig.  442,  with  c(OOl) 
as  the  twinning-plane,  are  to  be  noted. 

260.  Monoclinic  System.  —  In  the  monoclinic  system,  twins  with  the  ver- 
tical axis  as  twinning-axis  are  common;  this  is  illustrated  by  Fig.  443  of  augite 
(pyroxene),  Fig.  444  of  gypsum,  and  Fig.  445  of  orthoclase  (see  also  Fig.  390, 
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Orthodaae 


p.  162).    With  the  latter  species  these  twins  are  called  Carlsbad  tvnns  (because 
common  in  the  trachyte  of  Carlsbad,  Bohemia) ;  they  may  be  contact-twins 
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(Pig.  390),  or  irregular  penetration-twins  (Fig.  445).    In  Fig.  390  it  is  to  be 
noted  that  c  and  x  fall  nearly  in  the  same  plane. 

In  Fig.  446,  also  of  orthoclase,  the  twinning-plane  is  the  clinodome  (021), 
and  since  (001  A  021)  =  44®  56^',  this  method  of  twinning  yields  nearly 
square  prisms.  These  twins  are  called  Baveno  twins  (from  a  prominent 
loNcality  at  Baveno,  Italy) ;  they  are  often  repeated  (Fig.  447).    In  Fig.  448  a 
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448 


Orthoclase 

Manfjback  twin  is  shown;  here  the  twinning-plane'  is  c(OOl).  Other  rarer 
types  of  twinning  have  been  noted  with  orthoclase.  Polysynthetic  twinning 
with  c(001)  as  twinning-plane  is  common  with  pyroxene  (cf.  Fig.  461,  p.  173). 
Twins  of  the  aragonite-chrysoberyl  type  are  not  uncommon  with  mono- 
clinic  species,  having  a  prominent  60°  prism  (or  dome),  as  in  Fig.  449.  Stellate 
twins  after  this  law  are  common  with  chondrodite  and  clinohumite.  An 
analogous  twin  of  pyroxene  is  shown  in  Fig.  450;  here  the  pyramid  (l22)  is  the 
twinning-plane,  and  since  (010  A  l22)  =  59°  21',  the  crystals  cross  at  angles 
of  nearly  60°;  further,  the  orthopinacoids  fall  nearly  in  a  common  zone,  since 
(100  A  122)  =  90°  9'.     In  Fig.  451  the  twinning-plane  is  the  orthodonie 
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(101).  PhiUipsite  and  harmotome  exhibit  muItipie  twinning,  and  the  crystals 
often  show  pseudo-symmetry.  Fig.  452  shows  a  cruciform  fourling  with 
c(001)  as  twinning-plane,  the  twinning  shown  by  the  striations  on  the  side  face. 
This  is  compounded  in  Fig.  453  with  twinning-plane  (Oil),  making  nearly 
square  prisms,  and  this  further  repeated  with  m(llO)   as  twinning-plane 
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yields  the  form  in  F^.  454,  or  even  Fig.  400,  p.  164,  resembling  an  isometric 
dodecahedron,  each  face  showing  a  fourfold  striation. 


Phillipote 
251.  Triclinic  System.  —  The  most  interesting  twins  of  the  triclinic 
system  are  those  shown  by  the  feldspars.  Twinning  with  6(010)  as  the 
twinning-plane  is  very  common,  especially  polysynthetic  twinning  yielding 
thin  parallel  lamelliG,  shown  by  the  striations  on  the  face  c  (or  the  correspond- 
ing cleavage-surface),  and  also  clearly  revealed  in  polarized  light.  This  ia 
known  as  the  albite  law  (Figs.  456,  456).  Another  important  method  (Fig. 
457)  is  that  of  the  peridine  law;  the  twinning-axis  is  the  crystallographic 
axis  b.  Here  the  twins  are  united  by  a  section  (rhombic  section)  shown  in  the 
figure  and  further  explained  under  the  feldspars.  Polysynthetic  twinnii^  after 
this  law  is  common,  and  hence  a  cleavage-mass  may  show  two  sets  of  striations, 
one  on  the  surface  parallel  to  c(OOl)  and  the  other  on  that  parallel  to  6(010). 
The  angle  made  by  these  last  striations  with  the  edge  001/010  is  character- 
istic of  the  particular  triclinic  species,  as  noted  later. 

4SS  466  UT 


Albite 
Twins  of  albite  of  other  rarer  types  also  occur,  and  further  twins  similar 
4U  to  the  Carlstad,  Baveno,  and  Manebach  twins  of  ortho- 

clase.    Fig.  45S  shows  twinning  according  to  both  the 
albite  and  Carlsbad  types. 

REGULAR  GROUPING  OF  CRYSTAI5 

262.  Parallel  Grouping.  —  Connected  with  the  sub- 
ject of  twin  crystals  is  that  of  the  parallel  position  of 
associated  crystals  of  the  same  species,  or  of  different 
species. 

Crystals  of  the  same  species  occurring  t<^ther  are 
very  commonly  in  parallel  position.    In  this  way  large 
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crystals,  as  of  calcite,  quarts,  fluorite,  are  sometimee  buiJt  up  of  smaller 
individuals  grouped  together  with  coirespondiD^  faces  parallel.  Thia 
parallel  grouping  is  often  seen  in  crystals  as  they  lie  on  the  supporting 
rock.  Chi  glancing  the  eye  over  a  surface  covered  with  crystals  a  reflection 
from  one  face  will  often  be  accompanied  by  reflections  from  the  corres- 
ponding face  in  each  of  the  other  crystals,  showing  that  the  crystals  are 
throughout  similar  in  their  positions. 

With  many  species,  complex  crystalline  forms  result  from  the  growth  of 
parallel   partial    crystals    in    the  i^.  _. 

direction  of  the  crystallographic 
axes,  or  axes  of  symmetry.  Thus 
dendritic  forms,  resembling  branch- 
ing vegetation,  often  of  great  del- 
icacy, are  seen  with  gold,  copper, 
argentite,  and  other  species,  espe- 
cially those  of  the  isometric  sys- 
tem. This  is  shown  in  Fig.  459  , 
(ideal),  and  again  in  Fig.  460, 
where  the  twinned  and  flattened 
cubes  (cf.  Fig.  403,  p.  165)  are 
grouped  in  directions  corresponding 

to  the  diagonals  of  an  octahedral  Copoer 

face  which  b  the  twinnii^-plane. 

2S3.  Parallel  Grouping  of  Unlike  Species.  —  Crystals  of  different  spe- 
cies often  show  the  same  tendency  to  pamllelism  in  mutual  positioQ.  This  is 
true  most  frequently  of  species  which  are  more  or  less  closely  similar  in  form 
and  composition.  Crystals  of  albite,  implanted  on  a  surface  of  orthoclase, 
are  sometimes  an  example  of 
this;  crystals  of  amphibole  and 
pyroxene  (Fig.  461),  of  zircon 
and  xenotime  (Fig.  462),  of  va- 
rious kinds  of  mica,  are  also  at 
times  observed  associated  in  par- 
allelposition. 

The  same  relation  of  position 
also  occasionally  occurs  where 
there  is  no  connection  in  composi- 
tion, as  the  crystals  of  rutile 
on  tabular  crystals  of  hematite, 
the  vertical  axes  of  the  former 
coinciding  with  the  horizontal 
axes  of  the  latter.  Crystals  of 
calcite  have  been  observed  whose 
rhombohedral  faces  had  a  series 
of  quartz  crystals  upon  them,  all  in  parallel  position;  sometimes  three 
such  quartz  crystals,  one  on  each  rhombohedral  face,  entirely  envelop 
the  calcite,  and  unite  with  re-entering  angles  to  form  pseudo-twins  (rather 
trillings)  of  quartz  after  calcite.  Parallel  growths  of  the  sphenoidal  chalcopyr- 
ite  upon  the  tetrahedral  sphalerite  are  common,  the  similarity  in  crystal 
structure  of  the  two  species  controlling  the  position  of  the  crystals  of  chal- 
eopyrite. 


Amphibole  DndoeinE 
pyroxene  in  paralla 
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IRREGULARITIES  OF  CRYSTALS 

264.  The  laws  of  crystallization,  when  luunodified  by  extrinsic  causes, 
should  produce  forms  of  exact  geometrical  synmietry,  the  angles  being  not 
only  equal,  but  also  the  homologous  faces  of  crystals  and  the  dimensions  in  the 
directions  of  like  axes.  This  symmetry  is,  however,  so  uncommon  that  it  can 
hardly  be  considered  other  than  an  ideal  perfection.  The  various  possible 
kinds  of  symmetry,  and  the  relation  of  this  ideal  geometrical  symmetry  to  the 
actual  crystallographic  synmietry,  have  been  discussed  in  Arts.  14  and  18  et 
seq.  Crystals  are  very  generally  distorted,  and  often  the  fundamental  forms 
are  so  completely  disguised  that  an  intimate  familiarity  with  the  possible 
irregularities  is  required  in  order  to  unravel  their  complexities.  Even  the 
angles  may  occasionally  vary  rather  widely. 

The  irregularities  of  crystals  may  be  treated  under  several,  heads:  1, 
Variations  of  form  and  dimensions;  2,  Imperfections  of  surface;  3,  Varion 
tions  of  angles;  4,  Internal  imperfections  and  impurities. 

1.    VARIATIONS  IN  THE  FORMS  AND  DIMENSIONS 

OF  CRYSTALS 

266.  Distortion  in  General.  —  The  variations  in  the  forms  of  crystals, 
or,  in  other  words,  their  distortion,  may  be  irregidar  in  character,  certain  faces 
being  larger  and  others  smaller  than  in  the  ideal  geometrical  solid.  On  the 
other  hand,  it  may  be  symmetrical,  giving  to  the  distorted  form  the  symmetry 
of  a  group  or  system  different  from  that  to  which  it  actually  belongs.  The 
former  case  is  the  common  rule,  but  the  latter  is  the  more  interesting. 

266.  Irregular  Distortion.  —  As  stated  above  and  on  p.  13,  all  crystals 
show  to  a  greater  or  less  extent  an  irregular  or  accidental  variation  from  the 
ideal  geometrical  form.  This  distortion,  if  not  accompanied  by  change  in 
the  interfacial  angles,  has  no  particular  significance,  and  does  not  involve  any 
deviation  from  the  laws  of  crystallographic  symmetry.  Figs.  463,  464  show 
distorted  crystals  of  quartz;  they  may  be  compared  with  the  ideal  form,  Fig. 
284,  p.  113.    Fig.  465  is  an  ideal  and  Fig.  466  an  actual  crystal  of  lazulite. 
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The  correct  identification  of  the  forms  on  a  crystal  is  rendered  much  more  difficult 
because  of  this  prevailing  distortion,  especially  when  it  results  in  the  entire  obliteration  of 
certain  faces  by  the  enlargement  of  others.  In  deciphering  the  distorted  crystalline  forms 
it  must  be  remembered  that  while  the  appearance  of  the  crystals  may  be  entirely  altered, 
the  interfacial  angles  remain  the  same;  moreover,  like  faces  are  physically  alike  —  that  is, 
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alike  in  degree  of  luster,  in  striations,  and  so  on.    Thus  the  prismatic  faces  of  quartz  show 
almost  always  characteristic  horizontal  striations. 

In  addition  to  the  variations  in  form  which  have  just  been  described,  still 
greater  irregularities  are  due  to  the  fact  that,  in  many  cases,  crystals  in  nature 
are  attached  either  to  other  crystals  or  to  some  rock  surface,  and  in  consequence 
of  this  are  only  partially  developed.  Thus  quartz  crystals  are  generally 
attached  by  one  extremity  of  the  prism,  and  hence  have  only  one  set  of  pyra- 
nxidal  faces;  perfectly  formed  crystals,  having  the  double  pjrramid  complete, 
are  rare. 

267.  Symmetrical  Distortion.  —  The  most  interesting  examples  of  the 
symmetrical  distortion  of  crystalline  forms  are  found  among  crystals  of  the 
isometric  system.  An  elongation  in  the  direction  of  one  cubic  axis  may  give 
the  appearance  of  tetragonal  symmetry,  or  that  in  the  direction  of  two  cubic 
axes  of  orthorhombic  symmetry;  while  in  the  direction  of  an  octahedral  axis 
a  lengthening  or  shortening  gives  rise  to  forms  of  apparent  rhombohedral 
symmetry.    Such  cases  are  conmion  with  native  gold,  silver,  and  copper. 

A  cube  lengthened  or  shortened  along  one  axis  becomes  a  right  square  prism,  and  if 
varied  in  the  mrection  of  two  axes  is  changed  to  a  rectangular  prism.  Cubes  of  P3rrite. 
galena,  fluorite,  etc,  are  often  thus  distorted.  It  is  very  unusual  to  find  a  cubic  crystal 
that  is  a  true  symmetrical  cube.  In  some  species  the  cube  or  octahedron  (or  other  iso- 
metric form)  is  lengthened  into  a  capillary  crystal  or  needle,  as  happens  in  cuprite  and  pyrite. 

An  octahedron  flattened  parallel  to  a  face  —  that  is,  in  the  oirection  of  a  trigonal  sym- 
metry axis  is  redu^  to  a  tabular  crystal  resembling  a  rhombohedral  crystal  with  basal 
plane  (Fig.  467).  If  lengthened  in  the  same  direction  (i.e.  along  line  A-B,  Fig.  468),  to  the 
obliteration  of  the  terminal  octahedral  faces,  it  becomes  an  acute  rhombohedron. 

When  an  octahedron  is  extended  in  the  direction  of  a  line  between  two  opposite  edges. 
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or  that  of  a  binary  symmetry  axis,  it  has  the  general  form  of  a  rectangular  octahedron;  and 
still  farther  extended,  as  in  Fig.  469,  it  resembles  a  combination  of  two  orthorhombic  aomes 
(spinel,  fluorite,  magnetite). 
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The  dodeealudron  lengthened  in  the  direction  of  a  trigonid  lynunetry  &xis  becomes  a 
Bix-«ided  prism  with  three-sided  Bummits,  as  in  Fig.  470.  If  shortened  in  the  same  direc- 
tion, it  becomes  a  ihorl  prism  of  the  same  kind  (^g.  471}.  Both  resemble  rhombohedral 
foims  and  are  common  m  garnet.  When  lengthened  in  the  direction  of  one  of  the  cubic 
axes,  the  dodecahedron  becomes  a  square  prism  with  pyramidal  smnmits  (Fig.  472),  and 
shortened  along  the  same  axis  it  is  reduced  to  a  square  octahedron,  with  truncated  angtM 
(Fig^473).  ^^ 

The  trapeiohedron  elongated  in  the  direction  of  an  octahedral  (trigonal)  axis  assumes 
rhombohedral  (trigonai)  symmetry. 

If  the  elongation  of  the  trapeeobedron  takes  place  along  a  cubic  axis,  it  becomes  a  double 
eight-sided  pyramid  with  four-sided  summits;  or  if  these  summit  plgjies  are  oblitetated 
by  a  farther  extension,  it  becomes  a  complete  eight^ided  double  pyramid. 

Similarly  the  trtsoctahedron,  tetrabemhedron  and  hexoctahedron  may  show  distortion 
of  the  same  kind.     Further  examples  are  to  be  found  in  the  other  syBtcms. 

2.    IMPERFECTIONS  OF  THE  SURFACES  JOF  CRYSTALS 

268.  StmtioiiB  Due  to  Oscillatory  Combinatioas.  —  The  parallel  lines 
or  fuTTowa  on  the  surfaces  of  crystals  are  called  atruB  or  atriations,  and  such 
surfaces  are  said  to  be  striated. 

Each  little  ridge  on  a  etriated  surface  is  inclosed  by  two  narrow  planes 
more  or  less  regular.  These  planes  often  correspond  in  position  to  diiferent 
faces  of  the  crystal,  and  these  ridges  have  been  formed  by  a  continued 
oscillation  in  the  operation  of  the  causes  that  give  rise,  when  acting  uninter- 
ruptedly, to  enlarged  faces.  By  this  means,  the  surfaces  of  a  crystal  are 
marked  in  parallel  lines,  with  a  succession  of  narrow  planes  meeting  at  an 
angle  and  constituting  the  ridges  referred  to. 

This  combination  of  different  planes  in  the  formation  of  a  surface  has  been 
termed  oaciU^dory  eombtruition.  The  borisontal  striations  on  prismatic 
crystals  of  quartz  are  examples  of  this  combination,  in  which  the  oscillation 
has  taken  place  between  the  prismatic  and  rhombohedral  faces.  Thus 
crystals  of  quartz  are  often  tapered  to  a  point,  without  the  usual  pyramidal 
terminations. 

Other  examples  are  the  striations  on  the  cubic  faces  of  pyrite  parallel  to 
^y^  the  intersections  of  the  cube  with  the  faces  of  the 

[^ritohedron;  also  the  striations  on  magnetite  due 
to  the  oscillation  between  the  octahedron  and  do- 
decahedron. Prisms  of  tourmaline  are  very  com- 
monly bounded  vertically  by  three  convex  ^ufaces, 
owing  to  an  oscillatory  combination  of  the  faces  in 
the  prismatic  zone. 

269.  StriatioQB  Due  to  Repeated  Twinning.  —  The 
striations  of  the    basal  plane  of  albite  and  other 
tricUnic  feldspars,  also  of  the  rhombohedral  surfaces 
of  some  calcite,  have  been  explained  in  Art.  241  as 
Magnetite  "^V®  *°  polyaynthetic  twinning.    This  is  illustrated  by 

Fig.  474  of  magnetite  from  Port  Henry,  N.  Y.  (Kemp.) 
360.  Markings  from  Erosion  and  Other  Causes.  —  The  faces  of  crys- 
tals are  often  uneven,  or  have  the  crystalline  structure  developed  as  a  con- 
sequence of  etching  by  some  chemical  agent.  Cubes  of  galena  are  frequently 
thus  uneven,  and  crystals  of  lead  sulphate  (anglesite)  or  1^  carbonate  (cerus- 
site)  are  sometimes  present  as  evidence  with  regard  to  the  cause.  Crystals 
of  numerous  other  species,  even  of  corundum,  spinel,  quartz,  etc.,  sometimes 
show  the  same  result  of  partial  change  over  the  surf  ace  —  of  ten  the  incipient 
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stage  in  a  process  tending  to  a  final  removal  of  the  whole  cr}r8taL  Interesting 
investigations  have  been  made  by  various  authors  on  the  action  of  solvents 
on  different  minerals,  the  actual  structure  of  the  crystals  being  developed  in 
this  way.  This  method  of  etching  is  fully  discussed,  with  iUustrations,  in 
another  place  (Art.  286). 

The  markings  on  the  surfaces  of  cryi^tals  are  not,  however,  always  to  be 
ascribed  to  etching.  In  most  cases  such  depressions,  as  well  as  the  minute 
elevations  upon  the  faces  having  the  form  of  low  pyramids  (so-called  vicinal 
prominences),  are  a  part  of  the  original  molecular  growth  of  the  crystal,  and 
often  serve  to  show  the  successive  stages  in  its  history.  They  may  be  imper- 
fections arising  from  an  interrupted  or  disturbed  development  of  the  form,  the 
perfectly  smooth  and  even  crystalline  faces  being  the  result  of  completed 
action  free  from  disturbing  causes.  Examples  of  the  ma^rlfinga  refeired  to 
occur  on  the  crystals  of  most  minerals,  and  conspicuously  so  on  the  rhombo- 
hedral  faces  of  quartz. 

Faces  of  crystals  are  often  marked  with  an|^ar  elevations  more  or  less 
distinct,  which  are  due  to  oscillatory  combination.  Octahedrons  of  fiuorite 
are  conmion  which  have  for  each  face  a  surface  of  minute  cubes,  proceeding 
from  an  oscillation  between  the  cube  and  octahedron.  Sometimes  an  examina- 
tion of  such  a  crystal  shows  that  though  the  form  is  apparently  octahedral, 
there  are  no  octahedral  faces  present  at  all.  Other  similar  cases  could  be 
mentioned. 

Whatever  their  cause,  these  minute  markings  are  often  of  great  importance 
as  revealing  the  true  molecular  symmetry  of  the  crystal.  For  it  follows  from 
the  symmetry  of  crystallization  that  like  faces  must  be  physically  alike  — 
that  is,  in  regard  to  their  surface  character;  it  thus  often  happens  that  on  all 
the  crystals  of  a  species  from  a  given  locality,  or  perhaps  from  all  localities,  the 
same  planes  are  etched  or  roughened  alike.  There  is  much  uniformity  on 
the  faces  of  quartz  crystals  in  this  respect. 

261.  Curved  surfaces  may  result  from  (a)  oscillatory  combination; 
or  (b)  some  independent  molecular  condition  producing  curvatures  in  the 
laminse  of  the  crystal;  or  (c)  from  a  mechanical  cause. 

Ciuired  surfaces  of  the  first  kind  have  been  already  mentioned  (Art.  268). 
A  singular  curvature  of  this  nature  is  seen  in  Fig.  475,  of  calcite;  in  the  lower 
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part  traces  of  a  scalenohedral  form  are  apparent  which  was  in  oscillatory  com- 
bination  with  the  prismatic  form. 
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Curvatures  of  the  second  kind  sometimes  have  all  the  faces  oonyex.  This 
is  the  case  in  crystals  of  diamond  (Fig.  476);  some  of  which  are  almost  spheres. 
The  mode  of  curvature,  in  which  all  the  faces  are  equally  convex,  is  less 
common  than  that  in  which  a  convex  surface  is  opposite  and  paraUel  to  a 
con:esponding  concave  surface.  Rhombohedrons  of  dolomite  and  siderite  are 
usually  thus  curved.  The  feathery  curves  of  frost  on  windows  and  the 
flaggingHstones  of  pavements  in  winter  are  other  examples.  The  alabaster 
rosettes  from  the  Mammoth  Cave,  Kentucky,  are  similar.  Stibnite  crystals 
sometimes  show  very  remarkable  curved  and  twisted  forms. 

A  third  kind  of  curvature  is  of  mechanical  origin.  Sometimes  crystals 
appear  as  if  they  had  been  broken  transversely  into  many  pieces,  a  slight 
displacement  of  which  has  given  a  curved  form  to  the  prism.  This  is  conunon 
in  tourmaline  and  beryl.  The  beryls  of  Monroe,  Conn.,  often  present  these 
interrupted  curvatures,  as  represented  in  Fig.  477. 

Crystals  not  infrequently  occur  with  a  deep  P3nramidal  depression  occupy- 
ing the  place  of  each  plane,  as  is  often  observed  in  common  salt,  alum,  and 
sulphur.    This  is  due  in  part  to  their  rapid  growth. 

3.    VARIATIONS  IN  THE  ANGLES  OF  CRYSTALS 

262.  The  greater  part  of  the  distortions  described  in  Arts  266,  267 
occasion  no  change  in  the  interfacial  angles  of  crystals.  But  those  imper- 
fections that  produce  convex,  curved,  or  striated  faces  necessarily  cause  such 
variations.  Furthermore,  circumstances  of  heat  or  pressure  under  which 
the  crystals  were  formed  may  sometimes  have  resulted  not  only  in  distortion 
of  form,  but  also  some  variation  in  angle.  The  presence  of  impurities  at  the 
time  of  crystallization  may  also  have  a  like  effect. 

Still  more  important  is  the  change  in  the  angles  of  completed  crystals 
which  is  caused  by  subsequent  pressure  on  the  matrix  in  which  they  were 
formed,  as,  for  example,  the  change  which  may  take  place  during  the  more  or 
less  complete  metamorphism  of  the  inclosing  rock. 

The  change  of  composition  resulting  in  pseudomorphous  crystals  (see 
Art.  273)  is  generally  accompanied  by  an  irregular  change  of  angle,  so  that 
the  pseudomorphs  of  a  species  vary  much  in  angle. 

In  general  it  is  safe  to  afl^rm  that,  with  the  exception  of  the  irregularities 
arising  from  imperfections  in  the  process  of  crystallization,  or  from  the  sub- 
sequent changes  alluded  to,  variations  in  angles  are  rare,  and  the  constancy 
of  angle  alluded  to  in  Art.  11  is  the  universal  law. 

In  cases  where  a  greater  or  less  variation  in  angle  is  observed  in  the  crystals 
of  the  same  species  from  different  localities,  the  cause  for  this  can  usually  be 
found  in  a  difference  of  chemical  composition.  In  the  gase  of  isomorphous 
compounds  it  is  well  known  that  an  exchange  of  corresponding  chemically 
equivalent  elements  may  take  place  without  a  change  of  form,  though  usually 
accompanied  with  a  slight  variation  in  the  fundamental  angles. 

The  effect  of  heat  upon  the  form  of  crystals  is  alluded  to  in  Art.  433. 

4.    INTERNAL  IMPERFECTIONS  AND  INCLUSIONS 

263.  The  transparency  of  crystals  is  often  destroyed  by  disturbed  crystal- 
lization; by  impurities  taken  up  from  the  solution  during  the  process  of 
crystallization;   or,  again,  by  the  presence  of  foreign  matter  resulting  from 
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partial  chemical  alteration.  The  general  name,  inclusion,  is  given  to  any 
foreign  body  incloeed  within  the  crystal,  whatever  its  origm.  These  inclusions 
are  extremely  common;  they  may  be  gaseous,  liquid,  or  solid;  visible  to  the 
unaided  eye  or  requiring  the  use  of  the  microscop)e. 

Rapid  crystallization  is  a  conunon  explanation  of  inclusions.  This  is 
illustrated  by  quartz  crystals  containing  large  cavities  full  or  nearly  full  of 
water  (in  the  latter  case,  these  showing  a  movable  bubble);  or,  they  may 
contain  sand  or  iron  oxide  in  large  amount.  In  the  case  of  calcite,  crystalliza- 
tion from  a  liquid  largely  charged  with  a  foreign  material,  as  quartz  sand,  may 
result  in  the  formation  of  crystals  in  which  the  impurity  makes  up  as  much 
as  two-thirds  of  the  whole  mass;  this  is  seen  in  the  famous  Fontainebleau 
limestone,  and  similarly  in  that  from  other  localities. 

264.  Liqtud  and  Gas  Inclusions.  —  Attention  was  early  called  by 
Brewster  to  the  presence  of  fluids  in  cavities  in  certain  minerals,  as  quartz, 
topaz,  beryl,  chrysoUte,  etc.  In  later  years  this  subject  has  been  thoroughly 
studied  by  Sorby,  Zirkel,  Vogelsang,  Rscher,  Rosenbusch,  and  others.  The 
nature  of  the  liquid  can  often  be  determined,  by  its  refractive  power,  or  by 
special  physical  test  {e.g,,  determination  of  the  critical  point  in  the  case  of 
COs),  or  by  chemical  examination.  In  the  majority  of  cases  the  observed 
liquid  is  simply  water;  but  it  may  be  the  salt  solution  in  which  the  crystal  was 
formed,  and  not  infrequently,  especially  in  the  case  of  quartz,  liquid  carbon 
dioxide  (COi),  as  first  proved  by  Vogelsang.  These  liquid  inclusions  are 
marked  as  such,  in  many  cases,  by  the  presence  in  the  cavity  of  a  movable 
bubble  of  gas.  Occasionally  cavities  contain  two 
liquids,  as  water  and  liquid  carbon  dioxide,  the 
latter  then  inclosing  a  bubble  of  the  same  sub- 
stance as  gas  (cf.  Fig.  478).  Interesting  exper- 
iments can  be  made  with  sections  showing  such 
inclusions  (cf.  literature,  p.  181).  The  mixture 
of  gases  yielded  by  smoky  quartz,  meteoric  iron, 
and  other  substances,  on  the  application  of  heat, 
has  been  analyzed  by  Wright. 

In  some  cases  the  cavities  appear  to  be  empty; 
if  they  then  have  a  regular  form  determined  by 
the  crystallization  of  the  species,  they  are  often 
called  negative  crystals.  Such  cavities  are  com- 
monly of  secondary  origin,  as  remarked  on  a  later  Beryllonite 
page. 

266.  Solid  Inclusions.  —  The  solid  inclusions  are  almost  infinite  in 
their  variety.  Sometimes  they  are  large  and  distinct,  and  can  be  referred  to 
known  mineral  species,  as  the  scales  of  gothite  or  hematite,  to  which  the 
peculiar  character  of  aventurine  feldspar  is  due.  Magnetite  is  a  very  common 
impurity  in  many  minerals,  appearing,  for  example,  in  the  Pennsbury  mica; 
quartz  is  also  often  mechanically  mixed,  as  in  staurolite  and  gmelinite.  On 
the  other  hand,  quartz  crystals  very  commonly  inclose  foreign  material,  such 
as  chlorite,  tourmaline,  rutile,  hematite,  asbestus,  and  many  other  minerals. 
(Cf.  also  Arte.  266,  267.) 

The  inclusions  may  consist  of  a  heterogeneous  mass  of  material;  as  the 
granitic  matter  seen  in  orthoclase  crystals  in  a  porphyritic  granite;  or  the 
feldspar,  quartz,  etc.,  sometimes  inclosed  in  large  coarse  crystals  of  beryl  or 
spodumene,  occurring  in  granite  veins. 
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268.  Hicrolites,  CiystaUites.  —  The  microscopic  ctystals  observed  as 
inclusions  bmy  sometimes  be  referred  to  knovn  species,  but  more  generally 
tbeir  true  nature  is  doubtful.  The  term  microlitea,  proposed  by  Vogelsang, 
is  often  used  to  designate  the  minute  inclosed  crystals;  they  are  generally  of 
needlelike  form,  sometimes  quite  irr^ular,  and  often  very  remarkable  in  their 
arrangement  and  groupings;  some  of  them  are  exhibited  in  Fig.  484  and  Fig. 
485,  as  explained  below.  Where  the  minute  individuals  belong  to  known 
species  they  are  called,  for  example,  feldspar  microlites,  etc. 

CryataUites  is  an  analogous  term  used  by  Vogelsang  to  cover  those  minute 
forms  which  have  not  the  r^;ular  exterior  form  of  crystals,  but  may  be  con- 
sidered as  intermediate  between  amorphous  matter  and  true  crystals.  Some 
(^  the  forms  are  shown  in  Figs.  479-483 ;  they  are  often  observed  in  glassy 
volcanic  rocks,  and  also  in  furnace-slags.  A  series  of  names  has  been  given  to 
varieties  of  crystallites,  such  as  globulites,  margarites,  etc.  Trichite  and 
belonite  are  namee  introduced  by  Zirkel;  the  former  name  is  derived  from 
flpif,  hair;  trichites,  like  that  in  J^.  483,  are  common  in  obsidian. 
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The  microscopic  incluaons  may  also  be  of  an  irregular  glassy  nature;  this 
kind  is  often  observed  in  crystals  which  have  formed  from  a  molten  mass,  as 
lava  or  the  slag  of  an  iron  furnace. 

267.  Symmetrically  Arranged  IndusionB.  —  In  general,  while  the  solid 
inclusions  sometimes  occur  quite  irregularly  in  the  crystals,  they  are  more 
generally  arrai^ed  with  some  evident  reference  to  the  symmetry  of  the  form, 
or  external  faces  of  the  crystals.     Examples  of  this  are  ^own  in  the  following 


Augite  (Zirkel)  ,  Leucite  (Zirkel)  Garnet  inclosing  qu&rt* 

figures.     Fig.  484  exhibits  a  crystal  of  augite,  inclosing  magnetite,  i 
and  nephelite  microlites,  etc.     Fig.  485  shows  a  crystal  of  leucite,  a 
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whose  cryatals  very  commonly  inclose  foreign  matter.     Fig.  486  shows  a  sec- 
tion of  a  crystal  of  garnet,  containing  quartz. 


Another  striking  example  is  afforded  by  andalusite  (F^.  487),  in  which  the 
incJoeed  carbonaceous  impurities  are  of  considerable  extent  and  remarkably 
arranged,  so  as  to  yield  symmetrical  figures  of  various  forms.  Staurolite 
occasionally  shows  anal<%ous  carbonaceous  impurities  symmetrically  di»- 
tributed. 

The  magnetite  common  as  an  inclusion  in  muacovite,  alluded  to  above, 
is  always  symmetrically  disposed,  usually  parallel   to  «- 

the  directions  of  the  percussion-figure  (Fig,  491,  p.  189). 
The  afiterism  of  phlogopite  is  explained  by  the  presence 
of  symmetrically  arranged  inclusions  (cf.  Art.  368). 

Fi^.  488  shows  an  interesting  case  o(  aymmetrically  arranged 
inclusMoa  due  to  chemical  alteration.  The  originai  mineral, 
spodumene,  from  Bnuchvillc,  Conn.,  has  been  altered  to  a 
substance  apparently  homogeneous  to  the  eye,  but  found 
under  the  microscope  to  have  the  structure  shown  in  Pig.  488. 
Chemical  analysis  proves  the  base  to  be  albite  and  the  inclosed 
hi;xagan&l  mineral  to  be  a  lithium  sihcate  (LiAlSOi)  called 
euciyptite.  It  baa  not  yet  been  identified  except  in  this 
form.  Eueryptit«  in  Albita 
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CRYSTALLINE  AGGREGATES 

268.  The  greater  part  of  the  specimens  or  masses  of  minerals  that  occur 
may  be  described  as  aggregations  of  imperfect  crystals.  Many  specimens 
whose  structure  appears  to  the  eye  quite  homogeneous,  and  destitute  internally 
of  distinct  crystallization,  can  be  shown  to  be  composed  of  crystalline  grains. 
Under  the  above  head,  consequently,  are  included  all  the  remaining  varieties 
of  structure  among  minerals. 

The  individual  composing  imperfectly  crystallized  individuals  may  be: 

1.  Columns f  or  fibers,  in  which  case  the  structure  is  columnar  or  fibrous. 

2.  Thin  lamince,  producing  a  lamellar  structure. 

3.  Grains,  constituting  a  granular  structiu'e. 

269.  Columnar  and  Fibrous  Structure.  —  A  mineral  possesses  a  col- 
umnar structure  when  it  is  made  up  of  slender  columns,  as  some  amphibole. 
When  the  individuals  are  flattened  Uke  a  knife-blade,  as  in  cyanite,  the  struc- 
ture is  said  to  be  bladed. 

The  structure  again  ia  called  fibrous  when  the  mineral  is  made  up  of  fibres, 
as  in  asbestus,  also  the  satin-spar  variety  of  g3q)sum.  The  fibres  may  or  may 
not  be  separable.  There  are  many  gradations  between  coarse  columnar  and 
fine  fibrous  structures.    Fibrous  minerals  have  often  a  silky  luster. 

The  following  are  properly  varieties  of  columnar  or  fibrous  structure; 

Reticulated:  when  the  fibers  or  columns  cross  in  various  directions  and 
produce  an  appearance  having  some  resemblance  to  a  net. 

Stellated:  when  they  radiate  from  a  center  in  all  directions  and  produce 
star-like  forms.    Ex.  stilbite,  wavellite. 

Radiated,  divergent:  when  the  crystals  radiate  from  a  center  without 
producing  stellar  forms.    £bc.  quartz,  stibnite. 

270.  Lamellar  Structure.  —  The  structure  of  a  mineral  is  lamellar 
when  it  consists  of  plates  or  leaves.  The  laminae  may  be  curved  or  straight, 
and  thus  give  rise  to  the  curved  lamellar  and  straight  lamellar  structure.  Ex. 
woUastonite  (tabular  spar),  some  varieties  of  gypsum,  talc,  etc.  If  the  plates 
are  approximately  parallel  about  a  common  center  the  structure  is  said  to  be 
concentric.  When  the  laminae  are  thin  and  separable,  the  structure  is  said  to 
be  foliaceous  or  foliated.  Mica  is  a  striking  example,  and  the  term  micaceous 
is  often  used  to  describe  this  kind  of  structure. 

271.  Granular  Structure.  —  The  particles  in  a  granular  structure  differ 
much  in  size.  When  coarse,  the  mineral  is  described  as  coarse-granvlar;  when 
fine,  fine-granular;  and  if  not  distinguishable  by  the  naked  eye,  the  structure  is 
termed  impalpable.  Examples  of  the  first  may  be  observed  in  granular  crys- 
talline limestone,  sometimes  called  saccharoidal;  of  the  second,  in  some  varie- 
ties of  hematite;  of  the  last,  in  some  kinds  of  sphalerite. 

The  above  terms  are  indefinite,  but  from  necessity,  as  there  is  every  degree 
of  fineness  of  structure  among  mineral  species,  from  perfectly  impalpable, 
through  all  possible  shades,  to  the  coarsest  granular.  The  term  phanero-crys" 
taUine  has  been  used  for  varieties  in  which  the  grains  are  distinct,  and  crypto- 
crystalline  for  those  in  which  they  are  not  discernible,  although  an  indistinct 
crystalline  structure  can  be  proved  by  the  microscope. 

Granular  minerals,  when  easily  crumbled  in  the  fingers,  are  said  to  be  friable. 
f  272.  Imitative  Shapes.  —  The  following  are  important  terms  used  in 
describing  the  imitative  forms  of  majssive  minerals. 
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Reniform:  kidneynshaped.  The  structure  may  be  radiating  or  concentric. 
Ex.  hematite.' 

Boiryoidal:  consisting  of  a  group  of  rounded  prominences.  The  name  is 
derived  from  the  Greek  jSorpw,  a  bimch  of  grapes.  Ex.  limonite,  chalcedony, 
prehnite. 

MammiUary:  resembling  the  botryoidal,  but  tjomposed  of  larger  promi- 
nences.    Ex.  malachite. 

Glcbvlar:  spherical  or  nearly  so;  the  globules  may  consist  of  radiating 
fibres  or  concentric  coats.  When  attached,  as  they  usually  are,  to  the  surface 
of  a  rock,  they  are  described  as  implanted  gldbuUa, 

Nodular:  in  tuberose  forms,  or  having  irregular  protuberances  over  the 
surface. 

Amygdaloidai:   almond-shaped,  applied  often  to  a  rock  (as  diabase)  con- 
taining almond-shaped  or  sub^lobular  nodules. 

Coralloidal:  like  coral,  or  consisting  of  interlaced  flexuous  branchings  of  a 
white  color,  as  in  the  variety  of  aragonite  called  flos  ferri. 

Dendritic:  branching  tree-like,  as  in  crystallized  gold.  The  term  den- 
drites is  used  for  similar  forms  even  when  not  crystalline,  as  in  the  dendrites 
of  manganese  oxide,  which  form  on  surfaces  of  limestone  or  are  inclosed  in 
'"moss-agates." 

Mossy:  like  moss  in  form  or  appearance. 

Filiform  or  CapiUary:  very  slender  and  long,  like  a  thread  or  hair;  con- 
sists ordinarily  of  a  succession  of  minute  crystals.     Ex.  millerite. 

AdciUar:  slender  and  rigid,  like  a  needle.     Ex.  stibnite. 

Reticulated:  net-like.    See  Art.  269. 

Drusy:  closely  covered  with  minute  implanted  crystals.     EJx.  quartz. 

Stalactitic:  when  the  mineral  occurs  in  pendent  colunms,  cylinders,  or 
elongated  cones.  Stalactites  are  produced  by  the  percolation  of  water,  hold- 
ing mineral  matter  in  solution,  through  the  rocky  roofs  of  caverns.  The 
evaporation  of  the  water  produces  a  deposit  of  the  mineral  matter,  and  grad- 
ually forms  a  long  p)endent  cylinder  or  cone.  The  internal  structure  may  be 
imperfectly  crystalline  and  granular,  or  may  consist  of  fibres  radiating  from 
the  central  column,  or  there  may  be  a  broad  cross-cleavage.  The  most  famil- 
iar example  of  stalactites  is  afforded  by  calcite.  Chalcedony,  gibbsite, 
limonite,  and  some  other  species,  also  present  stalactitic  forms. 

The  term  amorphous  is  used  when  a  mineral  has  not  only  no  crystalline 
form  or  imitative  shape,  but  does  not  polarize  the  light  even  in  its  minute 
particles,  and  thus  appears  to  be  destitute  wholly  of  a  crystalline  structure 
internally,  as  most  opal.  Such  a  structure  is  also  called  colloid  or  jelly-like, 
from  the  Greek  jcoXXa  (see  p.  8),  for  glue.  The  word  amorphous  is  from  a 
privative,  and  twfxlni,  shape. 


273.  Pseudomorphous  Crystals.  —  Every  mineral  species  has,  when 
distinctly  crystallized,  a  definite  and  characteristic  form.  Occasionally, 
however,  crystals  are  found  that  have  the  form,  both  as  to  angles  and  general 
habit,  of  a  certain  species,  and  yet  differ  from  it  entirely  in  chemical  composi- 
tion. Moreover,  it  is  often  noted  in  such  cases  that,  though  in  outward  form 
complete  crystals,  in  internal  structure  they  are  granular,  or  waxy,  and  have 
no  regular  cleavage.  Even  if  they  are  crystalline  in  structure  the  optical 
characters  do  not  conform  to  those  required  by  the  symmetry  of  the  faces. 
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Such  crystals  are  called  psevdamorphSf  and  their  existence  is  explained  by 
the  assumption,  often  admitting  of  direct  proof ,  that  the  original  mineral  has 
been  changed  into  the  new  compound;  or  it  has  disappeared  through  some 
agency,  and  its  place  been  taken  by  another  chemical  compound  to  which  the 
form  does  not  belong.  In  all  these  cases  the  new  substance  is  said  to  be  a 
pseudomorph  after  the  orginal  mineral. 

Conmion  illustrations  of  pseudomorphous  crystals  are  afforded  bv  mala- 
chite in  the  form  of  cuprite,  limonite  in  the  form  of  pyrite,  barite  in  the^form  of 
quartz,  etc.  This  subject  is  further  discussed  in  the  chapter  on  Chemical 
Mineralogy. 


PART  II.    PHYSICAL  MINERALOGY 


274.  The  physical  characters  of  minerala  fall  under  the  following 
heads: 

I.  Characters  depending  upon  Cohesion  and  Elasticity — viz.,  cleavage, 
fracture,  tenacity,  hardness,  elasticity,  etc. 

II.  Specific  Gravity,  or  the  Density  compared  with  that  of  water. 

III.  Characters  depending  upon  Light — viz.,  color,  luster,  degree  of  trans- 
parency, special  optical  properties,  etc. 

IV.  Characters  depending  upon  Heat  — viz.,  heat-conductivity,  change  of 
form  and  of  optical  characters  with  change  of  temperature,  fusibility,  etc. 

V.  Characters  depending  upon  Electricity  and  Magnetism. 

VI.  Characters  depending  upon  the  action  of  the  senses — viz.,  taste, 
odor,  feel. 

275.  General  Relation  of  Physical  Characters  to  Molecular  Structure. — 
It  has  been  stated  on  pp.  7,  8  that  the  geometrical  form  of  a  crystallized  min- 
eral is  the  external  evidence  of  the  internal  molecular  structure.  A  full 
knowledge  in  regard  to  this  structiwe,  however,  can  only  be  obtained  by 
the  study  of  the  various  physical  characters  included  in  the  classes  enumerated 
above. 

Of  these  characters,  the  specific  gravity  merely  gives  indication  of  the 
atomic  mass  of  the  elements  present,  and  further,  of  the  state  of  molecular 
aggregation.  The  first  of  these  points  is  illustrated  by  the  high  specific 
gravity  of  compounds  of  lead;  the  second,  by  the  distinction  observed,  for 
example,  between  carbon  in  the  form  of  the  diamond,  with  a  specific  gravity 
of  3*5,  and  the  same  chemical  substance  as  the  mineral  graphite,  with  a  specific 
gravity  of  only  2. 

All  the  other  characters  (except  the  relatively  imimportant  ones  of  Class 
VI)  in  general  vary  according  to  the  direction  in  the  crystal;  in  other  words 
they  have  a  definite  orientation.  For  all  of  them  it  is  true  that  directions 
which  are  crystallographically  identical  have  like  physical  characters. 

In  regard  to  the  converse  proposition  —  viz.,  that  in  all  directions  crystaU 
hgraphically  dissimilar  there  may  he  a  varialion  in  the  physical  characters,  an 
important  distinction  is  to  be  made.  This  proposition  holds  true  for  all 
crystals,  so  far  as  the  characters  of  Class  I  are  concerned;  that  is,  those 
depending  upon  the  cohesion  and  elasticity,  as  shown  in  the  cleavage,  hard- 
ness, the  planes  of  molecular  gliding,  the  etching-figures,  etc.  It  is  also  true 
in  the  case  of  pyro-electricity  and  piezo-electricity. 

It  does  not  apply  in  the  same  way  with  respect  to  the  characters  which 
involve  the  propagation  of  light  (and  radiant  heat),  the  change  of  volume  with 
change  of  temperature;  further,  electric  radiation,  magnetic  induction,  etc. 
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Thus,  although  it  will  be  shown  that  the  optical  characters  of  crystals  are 
in  agreement  in  general  with  the  symmetry  of  their  form,  they  do  not  show 
all  the  variations  in  this  symmetry.  It  is  true,  for  example,  that  aU  directions 
are  optically  similar  in  a  crystal  belonging  to  any  class  under  the  isometric 
system;  but  this  is  obviously  not  true  of  its  molecular  cohesion,  as  may  be 
shown  by  the  cleavage.  Again,  all  directions  in  a  tetragonal  crystal  at  right 
angles  to  the  vertical  axis  are  optically  similar;  but  thid  again  is  not  true  of 
the  cohesion.  These  points  are  further  elucidated  under  the  description  of 
the  special  characters  of  each  group. 


I.  CHARACTERS  DEPENDING  UPON  COHESION  AND 

ELASTICITY 

276.  Cohesiony  Elasticity.  —  The  name  cohesion  is  given  to  the  force  of 
attraction  existing  between  the  molecules  of  one  and  the  same  body,  in  con- 
sequence of  which  they  offer  resistance  to  any  influence  tending  to  separate 
them,  as  in  the  breaking  of  a  solid  body  or  the  scratching  of  its  surface. 

Elasticity  is  the  force  which  tends  to  restore  the  molecules  of  a  body  back 
into  their  original  position,  from  which  they  have  been  disturbed,  as  when  a 
body  has  suffered  change  of  shape  or  of  volume  under  pressure. 

The  varying  degrees  of  cohesion  and  elasticity  for  crystals  of  different 
minerals,  or  for  different  directions  in  the  same  crystal,  are  shown  in  the 
prominent  characters:  cleavage,  fracture,  tenacity,  hardness;  also  in  the 
gUding-planes,  percussion-figures  or  pressure-figures,  and  the  etching-figures. 

277.  Cleavage.  —  Cleavage  is  the  tendency  of  a  crystalUzed  mineral  to 
break  in  certain  definite  directions,  yielding  more  or  less  smooth  surfaces. 
It  obviously  indicates  a  minimum  value  of  cohesion  in  the  direction  of  easy 
fracture  —  that  is,  normal  to  the  cleavage-plane  itself.  The  cleavage  parallel 
to  the  cubic  faces  of  a  crystal  of  galena  is  a  famiUar  illustration.  An  amor- 
phous body  (p.  8)  necessarily  can  show  no  cleavage. 

As  stated  in  Art.  31,  the  consideration  of  the  molecular  structure  of 
crystals  shows  that  a  cleavage-plane  must  be  a  direction  in  which  the  mole- 
cules are  closely  aggr^ated  together;  while  normal  to  this  the  distance 
between  successive  layers  of  molecules  must  be  relatively  large,  and  hence  this 
last  is  the  direction  of  easy  separation.  It  further  follows  that  cleavage  can 
exist  only  parallel  to  some  possible  face  of  a  crystal,  and,  further,  that  this 
must  be  one  of  the  conmion  fundamental  forms.  Hence  in  cases  where  the 
choice  in  the  position  of  the  axes  is  more  or  less  arbitrary  the  presence  of 
cleavage  is  properly  regarded  as  showing  which  planes  should  be  made  fimda- 
mental.  Still  again,  cleavage  is  the  same  in  ail  directions  in  a  crystal  which 
are  crystallographically  identical. 

Cleavage  is  defined,  (1)  according  to  its  direction,  as  cubic,  octahedral, 
rhomobohedral,  basal,  prismatic,  etc.  Also,  (2)  according  to  the  ease  with 
which  it  is  obtained,  and  the  smoothness  of  the  surface  yielded.  It  is  said  to 
be  perfect  or  eminent  when  it  is  obtained  with  great  ease,  affording  smooth, 
lustrous  surfaces,  as  in  mica,  topaz,  calcite.  Inferior  degrees  of  cleavage  are 
spoken  of  as  distinct,  indistinct  or  imperfect,  interrupted,  in  traces,  difficult. 
These  terms  are  sufficiently  inteUigible  without  further  explanation.  It  may 
be  noticed  that  the  cleavage  of  a  species  is  sometimes  better  developed  in  some 
of  its  varieties  than  in  others. 
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878.  Cleavage  in  the  Different  Systems.  —  (1)  In  the  laoiiETRic  system,  cleavage 
is  cubic,  when  parallel  to  the  faces  of  the  cube;  this  is  the  common  case,  as  illustrated  by 
galena  and  hahte.  it  is  also  often  octahedral  —  that  is.  parallel  to  the  octahedral  faces,  as 
with  fluorite  and  the  diamond.  Less  frequently  it  is  aodecahedral,  or  parallel  to  the  faces 
of  the  rhombic  dodecahedron,  as  with  sphalerite. 

In  the  TETRAGONAL  SYSTEM,  cleavagc  is  often  hasal,  or  parallel  to  the  basal  plane,  as 
with  apophyllite;  also  primatiCj  or  parallel  to  one  (or  both)  of  the  square  prisms,  as  with 
rutile  and  wemerite;  less  frequently  it  is  pyramidalf  or  parallel  to  the  faces  of  the  square 
pyramid,  as  with  scheelite. 

In  the  HEXAGONAL  SYSTEM,  deavage  is  usually  either  basal^  as  with  beryl,  or  prianuUic, 
parallel  to  one  of  the  six-sided  prisms,  as  with  nephelite;  pyramidal  cleavage,  as  with 
pyiomorphite,  is  rare  and  imperfect. 

In  the  RHOMBOHEDRAL  DIVISION,  besidcs  the  basal  and  prismatic  cleavages,  rkombo- 
hedral  cleavage,  parallel  to  the  faces  of  a  rhombohedron,  is  also  common,  as  with  calcite 
and  the  allied  species. 

In  the  oRTHORHOMBic  SYSTEM,  clcava^c  parallel  to  one  or  more  of  the  pinacoids  is 
common.  Thus  it  is  basal  with  topaz,  and  m  all  three  pinacoidal  directions  with  anhydrite. 
Prismatic  cleavage  is  also  common,  as  with  bante;  in  this  case  the  arbitrary  position 
assumed  in  describing  the  crystal  may  make  this  cleavage  parallel  to  a  '' horizontal  prism,'' 
or  dome. 

In  the  MONOcuNic  system,  cleavage  parallel  to  the  clinopinacoid,  is  common,  as  with 
orthoclase.  gjrpsimi,  heulandite  and  euclase;  also  basal j  as  with  the  micas  and  orthodase, 
or  parallel  to  the  orthopinacoid;  also  prismatiCy  as  with  amphibole.  Less  frequently 
cleavage  is  parallel  to  a  hemi-pyramid,  as  with  gypsum. 

In  the  tricunic  system,  it  is  usual  and  proper  to  so  select  the  fundamental  form  as  to 
make  the  cleavage  directions  correspond  with  the  pinacoids. 

279.  In  some  cases  cleavage  which  is  ordinarily  not  observed  may  be  developed  by  a 
sharp  blow  or  by  sudden  change  of  temperature.  Thus,  quartz  is  usually  conspicuously 
free  from  cleavage,  but  a  ouartz  crystal  heated  and  plunged  into  cold  water  often  shows 
planes  of  separation  *  parallel  to  both  the  4-  and  —  rhombohedrons  and  to  the  prism  as 
well.  Similarly,  the  prismatic  cleavage  of  pyroxene  is  observed  with  great  distinctness  in 
thin  sections,  made  by  grindinKi  while  not  so  readily  noted  in  large  crystals. 

When  the  cleavage  ia  parallel  to  a  closed  form  —  that  is,  when  it  is  cubic,  octahedral, 
dodecahedral,  or  rhombohedral  (also  pyramidal  in  the  tetragonal,  hexagonal,  and  ortho- 
rhombic  S3^tems)  —  solids  resembling  crystals  may  often  be  broken  out  from  a  single 
ciystalline  individual,  and  all  the  fragments  have  the  same  angles.  It  is,  in  general,  easy 
to  distinguish  such  a  cleavage  form,  as  a  cleavage  octahedron  of  fluorite,  from  a  true 
crystal  by  the  splintery  character  of  the  faces  of  the  former. 

280.  Cleavage  and  Luster.  —  The  face  of  a  crystal  parallel  to  which  there  is  perfect 
cleavage  often  shows  a  p«urly  luster  (see  p.  249),  due  to  the  partial  separation  of  the  crystal 
into  parallel  plates.  This  is  illustrated  by  the  basal  plane  of  apophyllite;  the  clinopina- 
coid  of  stilbite  and  heulandite.  An  iridescent  play  of  colors  is  also  often  seen,  as  with 
calcite,  when  the  separation  has  been  sufficient  to  produce  the  prismatic  colors  by 
interference. 

281.  Gliding-planes.  —  Closely  related  to  the  cleavage  directions  in 
their  connection  with  the  cohesion  of  the  molecules  of  a  crystal  are  the  gliding' 
planes,  or  directions  parallel  to  which  a  slipping  of  the  molecules  may  take 
place  under  the  application  of  mechanical  force,  as  by  pressure. 

This  may  have  the  result  of  simply  producing  a  separation  into  layers  in 
the  given  direction,  or,  on  the  other  hand,  and  more  commonly,  there  may  be 
a  revolution  of  the  molecules  into  a  new  twinning-position,  so  that  secondary 
twinning-UxmeUcB  are  formed. 

Thus,  if  a  crystal  of  halite,  or  rock  salt,  be  subjected  to  gradual  pressure 
in  the  direction  of  a  dodecahedral  face,  a  plane  of  separation  is  developed 
normal  to  this  and  hence  in  the  direction  of  another  face  of  the  same  form. 
There  are  six  such  directions  of  molecular  slipping  and  separation  in  a  crystal 
of  this  substance.    Certain  kinds  of  mica  of  the  biotite  class  often  show 

*  Lehmann  (Zs.  Kr.,  11.  606,  1886)  and  Judd  (Min.  Mag.,  8,  7,  1888^  regard  these  as 
ghding-pkmes  (see  Art.  881). 
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psoudo-crystalUne  (aces,  which  are  undoubtedly  secondary  in  origin  —  that 
^n-  is,  have  been  developed  by  pressure  exerted  sub- 

sequently to  the  growth  of  the  crystal  (cf.  Fig.  489). 
In  Btibaite,  the  base,  c(OOl),  normal  to  the  plane  of  perfect 

cleavage,  is  a  gliding-plane.    Thtie  a  alipi>iug  of  the  molecules 
without    their  separation    may   be    made  to  take  place  by 


cleavage  (||bj.      A   slender   |>ristnatic  crystal  supported  d 
the  pnds  and  pressed  downward  by  a  dull  edge  is  readily  bi._., 
r  knicked,  in  this  direction  without  the  parts  beyond  the 


pressure  in  a  plane  (\\c)  Dormal  to  the  direction  of  pnfect 

'  '"b),      A   slender   prismatic  crystal  supported  near 

d  pressed  downward  by  a  dull  edge  is  readily  bent, 

,  in  this  dire    '  ■■■■■■■  

support  being  affected, 

282.    Secondary  Twinning.  —  The  other   case 
Biotite  mentioned  in  the  preceding  article,  where  molecular 

slipping  is  accompanied  by  a  half-revolution  (180°) 
of  the  molecules  into  a  new  twinning-position  (see  p.  160  et  seg.),  is  well  illus- 
trated by  calcite.  Pressure  upon  a  cleavage-fragment  may  result  in  the  forma- 
tion of  a  number  of  thin  lamellte  in  twinning-position  to  the  parent  mass,  the 
twinning-plane  being  the  obtuse  negative  rhombohedron,  e{0112).  Second- 
ary twinning-lamellce  similar  to  these  are  often  observed  in  natural  cleavage- 
masses  of  calcite,  and  particularly  in  the  grains  of  a  crystalline  limestone,  as 
observed  in  thin  sections  under  the  microscope. 

Secondary  twinning-lamellse  may  also  be  produced  (and  are  often  noted  in 
nature)   in  the  case  of  the  triclinic  feldspars,  pyroxene, 
barite,  etc.     A  secondary  lamellar   structure  in  quarts 
has    been    observed    by    Judd,    in    which    the 
consisted  of  right-handed  and  left-handed  portions. 
y  the  proper  i 
iced  by  pressu 

......  say  fr-S  mm. „.  . _    ._    _  ^ 

with  the  obtuse  ed^  on  a  firm  horizontal  support,  and  pressed  by 
the  blade  of  an  ordmary  tableknife  on  the  other  obtuse  edge  (at  Oj 
Fig.  4901,  the  result  is  that  a  portion  of  the  ciyatal  is  reversed  in 
position,  as  if  twinned  parallel  to  the  plane  (01l2)  which  in  the 
figure  lies   in  a   vertical   position.     If  skillfully  done,  the  twinnii^ 


surface  is  perfectly  sraootVand  the  re-entrant  angie  corresponds     ArtificiaJ  Twinning 
exactly  with   that  required  by   theory.  '"  l-iUcito 

283.  Parting.  —  The  secondary  twinning-planes  described  are  often 
directions  of  an  easy  separation  —  conveniently  called  parling  —  which  may 
be  mistaken  for  cleavage.*  The  basal  parting  of  pyroxene  is  a  common 
example  of  such  pseudo-cleavage;  it  was  long  mistaken  for  cleavage.  The 
basal  and  rhoral)ohedraI  (1011)  and  the  less  distinct  prismatic  (1120)  parting 
of  corundum;  the  octahedral  parting  of  magnetite  (cf.  Fig.  474,  p.  176),  are 
other  examples. 

An  important  distinction  between  cleavage  and  parting  is  this:  parting  can 
exist  only  in  certain  definite  planes — that  i.s,  on  the  surface  of  a  twirming-lamel- 
la  —  while  the  cleavage  may  take  place  in  aij/  plane  having  the  given  direction. 

284.  Percussion-figures.  —  Immediately  connected  with  the  gliding- 
planes  are  the  figures  —  called  percussion-figures  f  —  produced  upon  a  crystal 

*  The  lamellar  structure  of  a  massive  mineral,  without  twinning,  may  also  be  the  cause 
of  a  fracture  which  can  be  mistaken  for  cleavage. 

t  The  perciiseion-Rgurcs  are  best  obtained  if  the  crystal  plate  under  investigation  be 
supported  upon  a  hard  cushion  and  a  blow  be  struck  with  a  light  hammer  upon  a  steel  rod 
the  slightly  rounded  point  of  which  is  held  firmly  against  the  surface. 


CHARACTERS  DEPENDING   VPOH   COHESION   AND   ELABTICITT      189 

section  by  a  blow  or  pressure  with  a  suitable  point.  In  such  cases,  the  method 
described  serves  to  develop  more  or  less  well-defined  cracks  whose  orientation 
varies  with  the  crystallc^aphic  direction  of  the  surface.  Thus  upon  the 
cubic  face  of  a  crystal  of  halite  a  four-rayed,  star-shaped  figure  is  produced 
with  arms  pu^lel  to  the  diagonals  —  that  is,  parallel  to  Ml 

the  dodecahedral  faces.     On  an  octahedral  face  a  three- 
rayed  star  is  obtained. 

The  percussion-figures  in  the  case  of  the  micas  have 
been  often  investigated,  and,  wi  remarked  later,  they  form 
a  means  of  fixing  the  true  orientation  of  a  cleavage-plate 
having  no  crystaUine  outlines.  The  figure  (Fig.  491)  is 
here  a  six-rayed  star  one  of  whose  branches  is  parallel  to 
the  clinopinacoid  (b),  the  others  approximately  parallel 
to  the  intersection  edges  of  the  prism  (m)   and  base  (c).*  „ 

Pressure  upon  a  mica  plate  produces  a  less  distinct  six-rayed  star,  diagonal 
to  that  just  named;  this  is  called  a  preasure-Jigure. 

886.  Solution-pUuies.  —  In  the  case  of  many  cryatals,  it  ia  possible  to  prove  the  ex- 
iatence  of  certain  directiona,  or  structure-pUncs,  in  which  chemical  actioD  takes  place  most 
readily  —  for  example,  wheo  a  crystal  ia  under  great  pressure.  These  directions  of  chemi- 
cal weakness  have  b^n  called  K^ulion-ptan^.  TTi^  often  manifest  themselves  by  the 
pnseoce  of  a  multitude  of  oriented  cavities  of  crystalline  outline  (ao-called  negative  crystals) 
in  the  given  direction. 

These  sohition-planes  in  certain  cofiee,  as  shown  by  Judd,  are  the  same  as  the  directions 
of  secondary  lamellar  twinning,  as  is  illustrated  by  calcite.  Connected  with  ttus  is  the 
xiiiileritalwn  (sec  Art.  S68),  observed  in  certain  minerals  in  rocks  (an  diallage,  schiUerapar). 

286.  Etching-figures.  —  Intimately  connected  with  the  general  sub- 
jects here  considered,  of  cohesion  in  relation  to  crystals,  are  the  figures  pro- 
duced by  etching  on  crystalline  faces;  these  are  often  called  etching-figurea. 
This  method  of  investigation,  developed  particularly  by  Baumhauer,  is  of  high 
importance  as  revealing  the  molecular  structure  of  the  crystal  faces  under 
examination,  and  therefore  the  symmetry  of  the  crystal  itself. 

The  etching  is  performed  mostly  by  solvents,  as  by  water  in  some  caaes, 
more  generally  the  ordinary  mineral  acids,  or  caustic  alkalies,  also  by  steam  at 
a  high  pressure  and  hydrofluoric  acid;   the  last  ia  especially  powerful  in  its 
action,  and  is  used  frequently  with  the  silicates.     The  figures  produced  are  in 
^-j  .„  the  majority  of  cases  angular  depressions, 

such  as  low  triangular  or  quadrilateral 
pyramids,  whose  outlines  may  run  par- 
aUel  to  some  of  the  crystalline  edges. 
In  some  cases  the  planes  produced  can  be 
referred  to  occurring  crystallographic 
faces.  They  appear  alike  on  similar 
faces  of  crystals,  and  hence  serve  to 
distinguish  different  forms,  perhaps  in 
appearance  identical,  as  the  two  sets  of 
faces  in  the  ordinary  double  pyramid  of 
quartz;  so,  too,  they  reveal  the  corn- 
Quarts,  right-  Quartz,  left-  pound  twinning-structure  common  on 
handed  crystal           huided  crystal        some  crystals,  as  quartz   and  aragonite. 

T,,  .',  *^-,  WaWt".  A™-  J-  8c.,  a,  5,  1896,  and  G.  Friedel,  Bull.  Soc.  Min.,  »,  18,  1896. 
Walker  found  the  ande  opposite  6(010)  (x  in  Fig.  491)  to  be  53°  to  56»  for  muscovite,  69° 
for  lepidohte,  60°  for  biotite,  and  61°  to  63°  for  fSlogopite. 
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Further,  their  form  in  general  correapondB  to  the  symmetry  of  the 
group  to  which  the  given  crystal  belongs.  They  thus  reveal  the  trape- 
zohedral  symmetry  of  quartz  and  the  difference  between  a  right-banded  and 
left-handed  crystal  (Figs.  492,  493);  the  dktinction  between  calcite  and 
dolomite  (Figs.  496,  497);  the  distinctive  character  of  apatite,  pyromorphite, 
etc.;  the  hemtmorphic  symmetry  of  calamine  and  nephelite  (cf.  Fig.  237, 
p.  102),  etc.;  they  also  prove  by  their  form  the  monoclinic  crystallization  of 
muscovite  and  other  micas  (Fig.  495). 

Fig.  404  BhowB  the  etching-figurm  fonned  on  a  basal  plane  (cleavage)  of  topai  by  ftned 
eaitttic  potash;  Fig.  405,  tboee  oa  a  cleavage-plate  of  muscovite  bv  hydrofluonc  acid;  Fig. 
406,  upoD  a  rhombobedral  face  of  calcite,  and  Fig.  497,  on  one  of  dolomite  by  dilute  hydro- 
chloric acid. 


Spaogolite 

.„ J  .„j  . _.  .     ...    with  the  nature  of  the 

ir  symmetry  remains  constant.     For  ex&mple,  Fib.  498  shows 
the  Geuree  obtained  witn  Bpaogolite 
BOS  by   the   action    of   sulphuric   acid. 

Fig.  499  by  the  same  diluted,  and 
Fig.  600  by  hydrochloric  acid  of 
different  degrees  of  concentration. 

Of  the  same  nature  as 
the  etching-ligures  artificially 
produced,  in  their  relation  to 
the  symmetry  of  the  crystal, 
are  the  markings  of  ten  observed 
on  the  natural  faces  of  crys- 
tals. These  are  sometimes 
Fluorite  secondary,  caused  by  a  natural 

etching  process,  but  are  more 
often  an  irregularity  in  the  crystalline  development  of  the  crystal.  The 
inverted  triangular  depressions  often  seen  on  the  octahedral  faces  of  diamond 
crystals  are  an  example.  Fig.  501  shows  natural  depressions,  rhombobedral 
in  character,  observed  on  corundum  crystab  from  Montana  (Pratt).  Fig, 
502  shows  a  twin  crystal  of  fluorite  with  natural  etching-figures  (Pirsson) ; 


Corundum 
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these  are  miDute  pyramidal  depreflsions  whose  sides  are  parallel  to  the  faces 
of  the  trapezohedroD  (311). 

287.  Cofrosion  Fonns.  —  If  the  etching  process  spoken  of  in  the  pre- 
ceding article  —  whether  natural  or  artificial  —  is  continued,  the  result  may 
be  to  destroy  the  original  crystalline  surface  and  to  substitute  for  it  perhaps  a 
multitude  of  minute  elevations,  more  or  less  distinct;  or,  further,  new  faces 
may  be  developed,  the  crystallt^aphic  position  of  which  can  often  be  detei^ 
mined,  though  the  symbols  may  be  complex.  The  mere  loss  of  water  in  some 
cases  produces  certain  corrosive  forma. 

Infield  subjected  a  sphere  of  cfuartE  (from  a  simple  rj^t-handed  individual}  to  the 
prolonged  actioD  of  hydrofluoric  ociH.  It  was  found  that  it  was  attacked  rapidly  in  the 
direction  of  the  vertical  axis,  but  barely  at  all  at  the  +  extremities  of  the  horizontal  axes. 
Fi^.  503^  504  show  the  form  remaining  after  the  sphere  had  been  etched  for  seven  weeks; 
Fig.  503  IB  a  basal  view;  Fig,  504,  a  front  view;  tne  circle  showB  the  original  form  of  the 
s|Uieie,  the  dotted  hexagon  the  positioa  of  the  axee. 

288.'  Fracture.  —  The  terra  fracture  is  used  to  define  the  form  or  kind 
o!  surface  obtained  by  breaking  in  a  direction  other  than  that  of  cleav^e  in 
crystallized  minerals,  and  -^ 

in  any  direction  in  mas-  ^^  ^^ 

aive  minerals.  When 
the  cleavage  is  highly 
perfect  in  several  direc- 
tions, as  the  rhombo- 
hedral  cleavage  of  caldte, 
fracture  is  often  not 
readily  obtainable. 

Fracture  is  defined  as : 

(a)  Conchoidal;  when 
a  mineral    breaks   with  Etched  8ph«e  of  Quart, 

curved  concavities,  more 
or  lees  deep.  It  is  so  called  from  the  resemblance  of  the  concavity  to  the  valve 
of  a  shell,  from  concha,  a  shell.  This  is  well  illustrated  by  obsidian,  also  by 
flint.  If  the  resulting  forms  are  small,  the  fracture  is  said  to  be  smaUrCon- 
choidai;  if  only  parti^y  distinct,  it  is  subconchoidal. 

(6)  Even;  when  the  surface  of  fracture,  though  rough  with  numerous 
small  elevations  and  depressions,  still  approximates  to  a  plane  surface. 

(c)  Uneven;  when  the  surface  is  rou^  and  entirely  irregular;  this  ia  true 
of  most  minerals. 

(d)  Hackly;  when  the  elevations  are  sharp  or  jagged;  broken  iron. 
Other  terms  also  employed  are  earthy,  splirUery,  etc. 

289.  Hardness.  —  The  hardness  of  a  mineral  is  measured  by  the  Fe- 
aistanee  which  a  smooth  surface  offers  to  abrasion.  The  degree  of  hardness  ia 
determined  by  olwerving  the  comparative  ease  or  difficulty  with  which  one 
mineral  is  scratched  by  another,  or  by  a  file  or  knife. 

In  mmerals  there  are  all  grades  of  hardness,  from  that  of  talc,  impressible 
by  the  finger-nail,  to  that  of  the  diamond.  To  give  precision  to  the  use  of 
this  character,  a  scale  of  hardness  was  introduced  by  Mobs.*     It  is  as  follows: 

'  The  interval  between  2  and  3,  and  5  and  6,  in  the  scale  of  Mohs,  being  a  httle  greater 
thui  between  the  other  numbers,  Bfeithaupt  proposed  a  scale  of  twwx  minerals;  but  the 
KaJe  of  Mobs  is  now  universally  accepted. 
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1.  Talc.  6.  Orthodase. 

2.  Gypsum  7.  Quartz, 

3.  CaicUe.  8.  Topaz, 

4.  Fluarite,  9.  Corundum, 

5.  Apaiite,  10.  Diamond. 

Cr3rstalline  varieties  with  smooth  surfaces  should  be  taken  so  far  as 
possible. 

If  the  mineral  under  examination  is  scratched  by  the  knife-blade  as  easily 
as  calcite  its  hardness  is  said  to  be  3;  if  less  easily  than  calcite  and  more  so 
than  fluorite  its  hardness  is  3*5.  In  the  latter  case  the  mineral  in  question 
would  be  scratched  by  fluorite  but  would  itself  scratch  calcite.  It  need 
hardly  be  added  that  great  accuracy  is  not  attainable  by  the  above  methods, 
though,  indeed,  for  purposes  of  the  determination  of  minerals,  exactness  is 
quite  unnecessary. 

It  should  be  noted  that  minerals  of  grade  1  have  a  greasy  feel  to  the  hand; 
those  of  grade  2  are  easily  £:cratched  by  the  finger-nail;  those  of  grade  3  are 
rather  readily  cut,  as  by  a  knife;  of  grade  4,  scratched  rather  easily  by  the 
knife;  grade  5,  scratched  with  some  diificulty ;  grade  6,  barely  scratched  by  a 
knife,  but  distinctly  by  a  file  —  moreover,  they  also  scratch  ordinary  glass. 
Minerals  as  hard  as  quartz  (H.  =  7),  or  harder,  scratch  glass  readily  but  are 
little  touched  by  a  file;  the  few  species  belonging  here  are  enumerated  in 
Appendix  B;  they  include  all  the  gems. 

290.  Sderometer.  —  Accurate  determinations  of  the  hardness  of  min- 
erals can  be  made  in  various  ways,  one  of  the  best  being  by  use  of  an  instru- 
ment called  a  sderometer.  The  mineral  is  placed  on  a  movable  carriage,  with 
the  surface  to  be  experimented  upon  horizontal;  this  is  brought  in  contact  with 
a  steel  point  (or  diamond  point),  fixed  on  a  support  above;  the  weight  is  then 
determined  which  is  just  sufficient  to  move  the  carriage  and  produce  a  scratch 
on  the  surface  of  the  mineral. 

By  means  of  such  an  instrmnent  the  hardness  of  the  different  faces  of  a 
given  crystal  has  been  determined  in  a  variety  of  cases.  It  has  been  found 
that  different  faces  of  a  crystal  (e.g.y  cyanite)  differ  in  hardness,  and  the  same 
face  may  differ  as  it  is  scratched  in  different  directions.  In  general,  differ- 
ences in  hardness  are  noted  only  with  crjrstals  which  show  distinct  cleavage; 
the  hardest  face  is  that  which  is  intersected  by  the  plane  of  most  complete 
cleavage.  Further,  of  a  single  face,  which  is  intersected  by  cleavage-planes, 
the  direction  perpendicular  to  the  cleavage-direction  is  the  softer,  those 
parallel  to  it  the  harder. 

This  subject  has  been  investigated  by  Exner  (p.  194),  who  has  given  the  form  of  the 
ewrvea  of  hardness  for  the  different  faces  of  many  crystals.  These  curves  are  obtained  as 
follows:  the  least  weight  required  to  scratch  a  crvstalline  surface  in  different  directions, 
for  each  10®  or  15**,  from  0**  to  180®,  is  determinecT  with  the  sderometer;  these  directions 
are  laid  off  as  radii  from  a  center,  and  the  length  of  each  is  made  proportional  to  the  weight 
fixed  by  experiment  —  that  is,  to  the  hardness  thus  determined;  the  line  connecting  the 
extremities  of  these  radii  is  the  curve  of  hardness  for  the  given  face. 

The  following  table  eives  the  results  obtained  *  (see  literature)  in  comparing  the  hard- 
ness of  the  minerals  of  the  scale  from  corundum,  No.  9,  taken  as  1000,  to  gypsum.  No.  2. 
Haff  used  the  method  of  boring  with  a  standard  point,  the  hardness  being  determined  by 
the  number  of  rotations;  Rosiwal  used  a  standard  powder  to  grind  the  surface,  Jaggar 
employed  his  micro-sclerometer,  the  method  being  essentially  a  modification  of  that  of 


**  The  numbers  are  here  given  as  tabulated  by  Jaggar. 


PfafiF.  1884 

RoBiwal,  1892 

Jaicgar.  1897 

1000 

1000 

1000 

459 

138 

152 

254 

149 

40 

191 

28-7 

25 

53-5 

6-20 

1-23 

37-3 

4-70 

•75 

15-3 

2-68 

•26 

1203 

•34 

•04 
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Pfafif.  By  means  of  this  instrument  he  is  able  to  test  the  hardness  of  the  minerals  present 
in  A  thin  section  under  the  microscope.  Measurements  of  absolute  hardness  have  also  been 
made  by  Auerbach.  Holmquist  has  recently  made  many  hardne8S  tests  by  the  grinding 
method.  His  results  with  regard  to  the  minerals  of  the  scale  of  hardness  a^;ree  fairly  well 
with  those  of  Rosiwal  given  oelow  but  show  considerable  discrepancies  with  the  results 
obtained  by  the  other  methods.  He,  like  Rosiwal,  finds  that  topaz  is  lower  in  the  scale 
than  quartz. 

9.  Ck>rundum 

&  Topaz 

7.  Quartz 

&  Orthoclase 

5u  Apatite 

4.  Fluorite 

a  Calcite 

2.  Gypsum 

291.  Relation  of  Hardness  to  Chemical  Composition.  —  Some  general  facts  of  impor- 
tance can  be  stated  *  in  regard  to  the  connection  between  the  hardness  of  a  mineral 
and  its  chemical  composition. 

L  Compoimds  ot  the  heavy  metals,  as  silver,  copper,  mercury,  lead,  etc.,  are  softy  their 
hardness  seldom  exceeding  2 '5  to  3. 

Among  the  compoim(£  of  the  common  metals,  the  sulphides  (arsenides)  and  oxides  of 
iron  (also  of  nickel  and  cobalt)  are  relatively  hard  {e.g.f  for  pyrite  H.  =  6  to  6*5;  for 
hematite  H.  =  6,  etc.);  here  belong  also  columbite,  iron  niobate;-  tan  tali  te,  iron  tantalate; 
wolframite,  iron  tungstate. 

2.  The  sulphides  are  mostly  relatively  soft  (except  as  noted  in  1),  also  most  of  the 
carbonates,  sulphates,  and  phosphates. 

3.  Hydrous  salts  are  relatively  soft.  This  is  most  distinctly  shown  among  the  silicates 
—  e.g.,  compare  the  feldspars  and  zeolites. 

4.  The  conspicuously  hard  minerals  are  found  chiefly  among  the  oxides  and  silicates; 
many  of  them  are  compounds  containing  aluminium  —  e.g.j  corundum,  diaspore,  chxyso- 
beryi,  and  many  alumino-silicates.  Outside  of  these  the  borate,  boracite,  is  hard  (H.  =  7); 
also  iridosmine. 

On  the  relation  of  hardness  to  specific  gravity,  see  Art.  302. 

292.  Practical  Suggestions.  —  Several  points  should  be  regarded  in  the  trials  of 
hardness: 

(1)  If  the  mineral  is  slightly  altered,  as  is  often  the  case  with  corundum,  ^met,  etc., 
the  surface  may  be  readily  scratched  when  this  would  be  impossible  with  the  mineral  itself; 
a  trial  with  an  edge  of  the  latter  will  often  give  a  correct  result  in  such  a  case. 

(2)  A  mineral  with  a  granular  surface  often  appears  to  be  scratched  when  the  grains 
have  been  only  torn  apart  or  crushed. 

(3)  A  relatively  soft  mineral  may  leave  a  faint  white  ridge  on  a  surface,  as  of  glass, 
which  can  be  mistaken  for  a  scratch  if  carelesslv  observed. 

(4)  A  crystal,  as  of  quartz,  is  often  slightly  scratched  by  the  edge  of  another  of  the  same 
species  and  like  hardness. 

(5)  The  scratch  should  be  made  in  such  a  way  as  to  disfigure  the  specimen  as  little  as 
possible. 

293.  Tenacity.  —  Minerals  may  be  either  brittle,  sectile,  malleable,  or 
flexible. 

(a)  Briide;  when  parts  of  a  mineral  separate  in  powder  or  grains  on 
attempting  to  cut  it,  as  calcite. 

(6)  SectUe;  when  pieces  may  be  cut  off  with  a  knife  without  falling  to 
powder,  but  still  the  mineral  pulverizes  under  a  hammer.  This  character  is 
intermediate  between  brittle  and  malleable,  as  gypsum. 

(c)  McMeable;  when  slices  may  be  cut  off,  and  these  slices  flattened  out 
under  a  hanmier;  native  gold,  native  silver. 

*  See  further  in  Appendix  B. 
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(d)  Flexible;  when  the  mineral  will  bend  without  breaking,  and  remain 
bent  after  the  bending  force  is  removed,  as  talc. 

The  tenacity  of  a  substance  is  properly  a  consequence  of  its  elasticity. 

294.  Elasticity.  —  The  elasticity  of  a  solid  body  expresses  at  once  the 
resistance  which  it  makes  to  a  change  in  shape  or  volimae,  and  also  its  tendency 
to  return  to  its  original  shape  when  the  deforming  force  ceases  to  act.  If  the 
limit  of  elasticity  is  not  passed,  the  change  in  molecular  position  is  proportional 
to  the  force  acting,  and  the  former  shape  of  volimae  is  exactly  resimaed;  if 
this  limit  is  exceeded,  the  deformation  becomes  permanent,  a  new  position  of 
molecular  equilibrium  having  been  assumed;  this  is  shown  in  the  phenomena 
of  gliding-planes  and  secondary  twinning,  already  discussed.  The  magni- 
tude of  the  elasticity  of  a  given  substance  is  measured  by  the  coefficient  of 
elasticity,  or,  better,  the  coefficient  of  restitution.  This  is  defined  as  the  rela- 
tion, for  example,  between  the  elongation  of  a  bar  of  unit  section  to  the  force 
acting  to  produce  this  effect;  similarly  of  the  bending  or  twisting  of  a  bar. 
The  subject  was  early  investigated  acoustically  by  Savart;  in  recent  years, 
Voigt  and  others  have  made  accurate  measures  of  the  elasticity  of  many  sub- 
stances and  of  the  crystals  of  the  same  substance  in  different  directions. 
The  elasticity  of  an  amorphous  body  is  the  same  in  all  directions,  but  it  changes 
in  value  with  change  of  crystallographic  direction  in  all  crystals. 

The  distinction  between  elastic  and  inelastic  is  often  made  between  the 
species  of  the  mica  group  and  allied  minerals.  Muscovite,  for  example,  is 
described  as  ''highly  elastic,"  while  phlogopite  is  much  less  so.  In  this  case 
it  is  not  true  in  the  physcial  sense  that  muscovite  has  a  high  value  for  the 
coefficient  of  elasticity;  its  peculiarity  lies  rather  in  the  fact  that  its  elasticity 
is  displayed  through  unusually  wide  limits. 
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295.  Definition  of  Specific  Gravity.  —  The  specific  gravity  of  a  mineral 
is  the  ratio  of  its  density  *  to  that  of  water  at  f  C.  (39-2°  F.).  This  illative 
density  may  be  learned  in  any  case  by  comparing  the  ralio  of  the  weight  of  a 
certain  volimie  of  the  given  substance  to  that  of  an  equal  volume  of  water; 
hence  the  specific  gravity  is  often  defined  as:  the  weight  of  the  body  divided  by 
the  weight  of  an  equal  volume  of  water. 

The  statement  that  the  specific  gravity  of  graphite  is  2,  of  corundum  4,  of 
galena  7'5,  etc.,  means  that  the  densities  of  the  minerals  named  are  2,  4,  and 
7'5,  etc.,  times  that  of  water;  in  other  words,  as  familiarly  expressed,  any 
volume  of  them,  a  cubic  inch  for  example,  weighs  2  times,  4  times,  7'5  times, 
etc.,  as  much  as  a  like  volume,  a  cubic  inch,  of  water. 

Strictly  speaking,  since  the  density  of  water  varies  with  its  expansion  or 
contraction  imder  change  of  temperature,  the  comparison  should  be  made  with 
water  at  a  fixed  temperature,  namely  4®  C.  (39*2®  F.),  at  which  it  has  its  maxi- 
mum density.  If  made  at  a  higher  temperature,  a  suitable  correction  should 
be  introduced  by  calculation.  Practically,  however,  since  a  high  degree  of 
accuracy  is  not  often  called  for,  and,  indeed,  in  many  cases  is  impracticable  to 
attain  in  consequence  of  the  nature  of  the  material  at  hand,  in  the  ordinary 
work  of  obtaining  the  specific  gravity  of  minerals  the  temperature  at  which 
the  observation  is  made  can  safely  be  neglected.  Conunon  variations  of  tem- 
perature would  seldom  affect  the  value  of  the  specific  gravity  to  the  extent  of 
one  unit  in  the  third  decimal  place. 

*  The  densily  of  a  body  is  strictly  the  mass  of  the  unit  volume.  Thus  if  a  cubic  centi- 
meter of  water  (at  its  maximum  density,  4*^  C.  or  39*2^  F.)  is  taken  as  the  unit  of  mass,  the 
density  of  any  body  —  as  gold  —  is  given  by  the  number  of  grams  of  mass  (about  19)  in  a 
cubic  centimeter;  m  this  case  the  same  number^  19,  gives  the  relative  density  or  specific 
gravity.  If,  however,  a  pound  is  taken  as  the  unit  of  mass,  and  the  cubic  foot  as  the  unit  of 
volume,  the  mass  of  a  cubic  foot  of  water  is  62*5  lbs.,  that  of  gold  about  1188  lbs.,  and  the 
Bpecific  gravity  is  the  ratio  of  the  second  to  the  first,  or,  again,  19. 
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For  the  same  reason,  it  is  not  necessary  to  take  into  consideration  the  fact 
that  the  o^erved  weight  of  a  fragment  of  a  mineral  is  less  than  its  true  weight 
by  the  weight  of  air  displaced. 

Where  the  nature  of  the  investigation  calls  for  an  accurate  determination 
of  the  specific  gravity  {e.g.,  to  four  decimal  places),  no  one  of  the  precautions 
in  regard  to  the  purity  of  material,  exactness  of  weight-measurement,  temper- 
ature, etc.,  can  be  neglected."  The  accurate  values  spoken  of  are  needed  in 
the  consideration  of  such  problems  as  the  specific  volume,  the  relation  of  molec- 
ular volume  to  specific  gravity,  and  many  others. 

296.  Determination  of  the  Specific  Gravity  by  the  Balance.  —  The 
direct  comparison  by  weight  of  a  certain  volume  of  the  given  mineral  with  an 
equal  volume  of  water  is  not  often  practicable.  By  making  use,  however,  of 
a  familiar  principle  in  hydrostatics,  viz.,  that  a  solid  immersed  in  water,  in 
consequence  of  the  buoyancy  of  the  latter,  loses  in  weight  an  amount  which  is 
equal  to  the  weight  of  an  equal  volume  of  the  water  (that  is,  the  volume  it  dis- 
places) —  the  determination  of  the  specific  gravity  becomes  a  very  simple 


The  weight  of  the  solid  in  the  air  (w)  is  first  determined  in  the  usual  man- 
ner;  then  the  weight  in  water  is  found  (w');   the  difference  between  these 
weights  —  that  is,  the  loss  by  immersion  {w  ^  v/)  —  is  the  weight  of  a  volume 
gOf  of  water  equal  to  that  of  the  sohd;  finally,  the  quotient  of 

the  first  weight  (w)  by  that  of  the  equal  volume  of  water 
as  determined  (w  —  m/)  is  the  specific  gravity  (G). 
Hence, 


A  common  method  of  obtainit^  the  specific  gravity  of 
a  firm  fragment  of  a  mineral  is  as  follows:  First  weigh 
the  specimen  accurately  on  a  good  chemical  balance. 
Then  suspend  it  from  one  pan  of  the  balance  by  a  horse- 
hair, silk  thread,  or,  better  still,  by  a  fine  platinum  wire, 
in  a  ^ass  of  water  conveniently  placed  beneath,  and  take 
the  weight  ^ain  with  the  same  care;  then  use  the  results 
as  above  directed.  The  platinum  wire  may  be  wound 
around  the  specimen,  or  where  the  latter  is  small  it  may 
be  made  at  one  end  into  a  little  spiral  support. 

297.  The  Jolly  Balance.  —  Instead  of  using  an  ordin- 
ary balance  and  determining  the  actual  weight,  the  spiral 
balance  of  Jolly,  shown  in  Fig.  505,  may  be  conveniently 
employed;  this  is  also  suitable  when  the  mineral  is  in  the 
form  of  small  grains.  The  instrument  consists  of  a  spiral 
Spring  or  spring  at  the  lower  end  of  which  are  su.spended  two  pans 

,  h"''!'*^'*,,  or  wire  baskets,  c  and  d.  Fig.  505.  Upon  the  movable 
[or  specinc  uravi^  g^^j  -B  rests  a  beaker  filled  with  water.  When  in  adjust 
ment  for  reading  this  stand  has  such  a  position  that  the  pan  d  is  immersed  in 
the  water  while  c  hangs  above  it.  Upon  the  upright  A  there  is  a  mirror  upon 
which  is  marked  a  scale.  The  position  of  the  balance  at  any  time  is  obtained 
by  so  placing  the  eye  that  the  bead,  m,  and  its  reflection  in  the  mirror  coincide 

•  Cf.  Earl  of  Berkeley  in  Min.  Mag.,  11,  64,  1895. 
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and  then  reading  the  position  of  the  top  of  the  bead  upon  the  scale.  The  first 
step  in  the  operation  consists  in  getting  the  position  of  the  spring  alone,  having 
the  pan  d  immersed  in  the  water  in  the  beaker.  Let  this  reading  be  represented 
by  n.  The  mineral  whose  specific  gravity  is  to  be  determined  is  then  placed 
on  the  pan  or  basket,  c,  and  the  platform  B  raised  until  d  is  properly  immersed 
in  the  water.  The  position  of  the  bead  m  is  again  read.  Let  this  value  be 
represented  by  Ni.  If  from  Ni  be  subtracted  the  number  n,  expressing  the 
amount  to  which  the  scale  is  stretched  by  the  weight  of  spring  and  pans  slone, 
the  difference  will  be  proportional  to  the  weight  of  the  mineral.  Next,  the 
mineral  is  placed  in  the  lower  pan,  d,  immersed  in  the  water,  and  again  the 
corresponding  scale  number,  iSTt,  read.  The  difiFerence  between  these  readings 
(.Vi  —  Nt)  is  a  number  proportional  to  the  loss  of  weight  in  water.  The 
specific  gravity  is  then 

It  is  obviously  necessary  to  have  the  wires  supporting  the  lower  pan  immersed 
to  the  same  depth  in  the  case  of  each  of  the  three  determinations.  If  care  is 
taken  the  specific  gravity  can  be  obtained  accurately  to  two  decimal  places. 

298.  The  Beam  Balance.  —  A  beam  balance  described  by  Penfield  is 
another  very  simple  and  quite  accurate  device  for  measuring  the  specific 
gravity.  It  is  illustrated  in  Fig.  506,  which  will  make  clear  its  essential  parts. 
The  beam  is  so  balanced  by  a  weight  on  its  shorter  end  that  it  is  very  nearly 
in  equilibrium  when  the  lower  pan  is  immersed  in  water.  An  exact  balance 
is  then  obtained  by  the  small  rider  d.  When  the  beam  is  once  balanced  this 
rider  is  kept  stationary  and  its  position  disregarded  in  the  subsequent  readings. 
The  mineral  is  first  placed  in  the  upper  pan  and  the  beam  balanced  by  another 
rider  of  such  a  weight  that  its  position  will  be  near  the  outer  end  of  the  beam. 

506 
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Beam  Balance  for  Specific  Gravity,  }th  Natural  Size  (after  Penfield) 

The  position  of  this  rider  is  then  read  from  the  scale  engraved  upon  the  beam. 
liCt  tins  value  be  equal  to  Ni.  The  mineral  is  next  transferred  to  the  lower 
pan  and  the  beam  again  brought  into  balance  by  moving  this  same  rider  back. 
The  second  reading  may  be  represented  by  Nj.  The  formula  for  obtaining  the 
specific  gravity  is  now: 

N-  -  N, 

299.  Pycnometer.  —  If  the  mineral  is  in  the  form  of  grains  or  small 
fragments,  the  specific  gravity  may  be  obtained  by  use  of  the  pycnometer. 
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This  is  a  small  bottle  (Fig.  507)  having  a  stopper  which  fito  ti^tly  and  ends  in 
a  tube  with  a  very  fine  opening.    The  bottle  is  filled  with  distilled  water,  the 
stopper  inserted,  and  the  overflowing  water  carefully  removed 
BOT  with  a  soft  cloth  and  then  weighed.     The  weight  of  the  water 

is  obviously  the  difference  between  this  last  weight  and  that 
of  the  bottle  and  mineral  together,  as  first  determined.  The 
mineral  whose  density  is  to  be  determined  is  also  weighed. 
Lastly  the  bottle  is  we^ed  with  the  mineral  in  it  and  filled 
with  water  as  described  above.*  The  wei^t  of  the  water 
displaced  by  the  mineral  is  obviously  the  difference  betwerai 
this  last  weight  and  that  of  the  bottle  filled  with  water  plus 
the  weight  of  the  mineral.  The  specific  gravity  of  the  min- 
eral is  equal  to  its  weight  alone  divided  by  the  weight  of  the 
•  equal  volume  of  water  thus  determined.  Where  this  method 
'  b  followed  with  sufficient  care,  especially  avuding  any  cheiuge 
pycBometn'      of  temperature  in  the  water,  the  results  may  be  highly 

accurate. 
If  the  mineral  forms  a  porous  mass,  it  may  be  first  reduced  to  powder,  but 
it  is  to  be  noted  that  it  has  been  shown  by  Rose  that  chemical  precipitates 
have  uniformly  a  higher  density  than  belong  to  the  same  substance  in  a  less 
finely  divided  state.  This  increase  of  density  also  characterites,  though  to  a 
less  extent,  a  mineral  in  a  fine  state  of  mechanical  subdivision.  It  is  explained 
by  the  condensation  of  the  water  on  the  surface  of  the  powder. 

300.  Use  of  Liquids  of  High  Densi^.  ~  It  is  often  found  convenient 
both  in  the  determination  of  the  specific  gravity  and  in  the  mechanical  separa- 
tion of  fragments  of  different  specific  gravities  (e.^.,  to  obtain  pure  material 
for  analysis,  or  again  in  the  study  of  rocks)  to  use  a  liquid  of  high  density  — 
that  is,  a  so-calied  heavy  solution.  One  of  these  is  the  solution  of  mercuric 
iodide  in  potassium  iodide,  called  the  Sonstadt  or  Thoulet  solution.  When 
made  with  care  it  has  a  maximum  density  of  nearl>'  3'2,  which  by  dilution 
may  be  lowered  at  will. 

A  second  solution,  often  employed,  is  the  Klein  solution,  the  borotungstate 
of  cadmium,  having  a  maximum  density  of  3'6.  This  again  may  be  lowered 
at  wilt  by  dilution,  observing  certain  necessary  precautions.  Still  a  third 
solution  of  much  practical  value  is  that  proposed  by  Brauns,  methylene  iodide, 
which  has  a  Sfiecific  gravity  of  3'324.  A  number  of  other  solutions,  more  or  less 
practical,  have  also  been  suggested.f  When  one  of  these  liquids  is  to  be  used 
for  the  determination  of  the  specific  gravity  of  fragments  of  a  certain  mineral 
it  must  be  diluted  until  the  fragments  just  float  and  the  specific  gravity  then 
obtained,  most  conveniently  by  the  Westphal  balance  (Art,  301). 

When,  on  the  other  hand,  the  liquid  is  to  be  used  for  the  separation  of  the 
fn^ments  of  two  or  more  minerals  mixed  together,  the  material  is  first  reduced 
to  the  proper  degree  of  fineness,  the  dust  and  smallest  fragments  being  sifted 
out,  then  it  is  introduced  into  the  solution  and  this  diluted  until  one  con- 
stituent after  another  sinks  and  is  removed.     For  the  convenient  application 

*  Care  should  be  tak^t  to  prevent  air-bubbles  being  included  among  the  mineral 
particles.  Tbia  may  be  accomplished  by  placing  the  bottle  under  an  aii-pump  tuid  ex- 
hausting  the  air  or  by  suspending  the  bottle  for  a  short  time  in  a  beaker  fiUed  with  boiling 
water  and  then  aUowing  it  to  cool  again  before  weighing. 

t  Johannaen,  Manual  of  Petrographic  Methods,  p.  519  el  seq.,  gives  in  detail  an  account 
of  the  various  solutions,  the  methods  of  their  preparation,  etc. 
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cxf  this  method  a  suitable  tube  is  called  for  and  certain  precautions  must  be 
observed;  compare  the  papers  noted  in  the  literature  (p.  200),  especially  one 
by  Penfield. 

301.  Westphal's  Balance.  —  The  Westphal  balance  ia  oonvenlently  used  to  determine 
the  specific  gravity  of  a  liquid,  and  hence  of  a  mineral  when  a  heavy  solution  is  employed 
(Art.  800).  It  consists  essentially  of  a  graduated  stedyard  arm,  upon  which  the  weights, 
in  the  form  of  riders,  are  placed.  These  must  be  so  adjusted  that  the  sinker  is  freely  sus- 
pended in  the  given  Uouid  while  the  index  at  the  end  points  to  the  zero  of  the  scale  and 
shows  that  the  arm  is  horizontal  (cf.  Johannsen,  p.  533).  The  ^aduation  usually  allows 
of  the  specific  gravity  being  read  off  directly  without  calculation. 

S02.  Relation  of  Density  to  Hardness,  Chemical  Composition,  etc. —  The  density,  or 
specific  p^vity,  of  a  sohd  depends,  first,  upon  the  nature  of  the  chemical  substances  which 
it  contains,  and,  second,  upon  the  state  of  molecular  aggregation. 

Thus,  as  an  illustration  of  the  first  point,  all  lei?  compounds  have  a  hi^  density 
(G.  »  about  6),  since  lead  is  a  heavy  metal,  or,  chemically  expressed,  has  a  high  atomic 
wei^t  (206 '4).  Similarly,  barium  sulphate,  barite,  has  a  specific  gravity  of  4'5,  while  for 
calcium  sulphate  or  anhyarite  the  value  is  only  2*95  {atomic  weight  for  barium  137,  for 
calcium  about  40). 

On  the  other  hand,  while  aluminium  is  a  metal  of  low  density  (G.  ^  2*5  and  atomic 
weifliit  =  27),  its  oxide,  corundum,  has  a  remarkably  high  density  (G.  »  4)  and  is  also  very 
hard  (H.  »  9).  Again,  carbon  (atomic  weight  -»  12)  nas  a  high  density  in  the  diamond 
(G,  »  3'5)  and  low  in  graphite  (U.  ^  2);  also,  the  first  is  hard  (H.  ^  10),  the  second  soft 
(H.  *-  1*5).  In  these  and  similar  cases  the  high  density  signifies  great  molecular  aggrega- 
tion, and  hence  it  is  natural  that  it  should  be  accompanied  by  great  hardness  and  resistance 
to  the  attack  of  acids. 

As  bearing  upon  this  point,  it  is  to  be  noted  that  the  density  of  many  substances  is 
altered  by  fusion.  A^ain.  the  same  mineral  in  different  states  of  molecular  aggregation 
may  differ  (but  only  shghtly)  in  density.  Furthermore,  minerids  bavins  the  same  chemical 
composition  have  sometimes  different  densities,  corresponding  to  the  different  crystalline 
forms  in  which  they  appear.  Thus  in  the  case  of  calcium  carbonate  (CaCOi),  calcite  has 
G.  -  2*7,  aragonite  has  G.  «  29. 

803.'  Average  Specific  Gravities.  —  It  is  to  be  noted  that  among  minerals  of  non- 
METAiiUC  LUSTER  the  overope  specific  gravity  ranges  from  2'6  to  3.  Here  belong  quartz 
(2*66),  calcite  (27),  the  feldspars  (2*6-2  75),  mifacovite  (28).  A  specific  gravity  of  25  or 
less  is  low,  and  is  characteristic  of  soft  minerals,  and  often  those  which  are  hydrous  (e.g,f 
sypsum,  U.  »  2'3).  The  common  species  fluorite,  tourmaline,  apatite,  vesuvianite,  amphi- 
bofe,  pyroxene,  and  epidote  lie  just  above  the  limit  given,  namely,  3*0  to  3*5.  A  specific 
gravity  of  3'5  or  above  is  relatively  high,  and  belongs  to  hard  minerals  (as  corundum,  see 
Art.  802),  or  to  those  containing  a  heavy  metal,  as  compounds  of  strontium,  barium,  also 
iron,  tungsten,  copper,  silver,  lead,  mercury,  etc. 

wiUi  minerals  of  metallic  luster,  the  average  is  about  5  (here  belong  pyrite,  hematite, 
etc.),  while  if  below  4  it  is  relatively  low  (graphite  2,  stibnite  4*5);  if  7  or  above,  relatively 
high  (as  galena,  7*5). 

Tables  of  mmerals  arranged  according  to  their  specific  gravity  are  given  in  Appendi)c  B. 

904.  Constancy  of  Specific  Gravity.  —  The  specific  gravity  of  a  mineral  species  is  a 
character  of  fundamental  importance,  and  is  highly  constant  for  different  specimens  of  the 
same  sp>ecie8,  if  pure,  free  from  cavities,  solid  inclusions,  etc.,  and  if  essentially  constant  in 
composition.  In  the  case  of  many  species,  however,  a  great^  or  less  variation  exists  in  the 
chemical  composition,  and  this  at  once  causes  a  variation  in  specific  gravity.  The  different 
kinds  of  garnet  illustrate  this  point;  also  the  various  minerals  intermediate  between  the 
tantalate  of  iron  (and  manganese)  and  the  niobate,  varying  from  G.  =  7*3  to  G.  ^  5*3. 

806.  Practical  Suggestions.  —  It  should  be  noted  that  the  determination  of  the  specific 
gravity  has  little  value  imless  the  fragment  taken  is  pure  and  is  free  from  impurities,  internal 
and  ejctemal.  and  not  porous.  Care  must  be  taken  to  exclude  air-bubbles^  and  it  will  often 
be  found  well  to  moisten  the  surface  of  the  specimen  before  inserting  it  m  the  water,  and 
sometimes  boiling  (or  the  use  of  the  air-pump)  is  necessary  to  free  it  from  air.  If  it  absorbs 
water  this  latter  process  must  be  allowed  to  go  on  till  the  substance  is  fully  saturated.  No 
accurate  determinations  can  be  made  unless  the  changes  of  temperature  are  rigorously 
excluded  and  the  actual  temperature  noted. 

In  a  mechanical  mixture  of  two  constituents  in  known  proportions^  when  the  specific 
gravity  of  the  whole  and  of  one  are  known,  that  of  the  other  can  oe  readily  obtained.  This 
method  is  often  important  in  the  study  oi  rooks. 
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It  is  to  be  noted  that  the  hand  may  be  soon  trained  to  detect  a  difference  of  specific 
gravity,  ii  like  volumes  are  taken,  even  in  a  small  fragment  —  thus  the  difference  between 
caldte  or  albite  and  barite,  even  the  difference  between  a  small  diamond  and  a  quartz 
crystal,  can  be  detected. 
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III.  CHARACTERS  DEPENDING  UPON  LIGHT 

GENERAL  PRINCIPLES  OF  OPTICS 

• 

306.  Before  considering  the  optical  characters  of  minerals  in  general,  and 
more  particiilarly  those  that  belong  to  the  crystals  of  the  different  systems,  it 
is  desirable  to  review  briefly  some  of  the  more  important  principles  of  optics 
upon  which  the  phenomena  in  question  depend. 

For  a  fuller  discussion  of  the  optics  of  ciystals.  special  reference  is  made  to  the  works 
of  Groth  (translation  by  Jackson),  Liebisch,  Mallard,  Duparc  and  Pearce,  Rosenbusch 
(translation  by  Iddings),  Iddings,  Johannsen,  Winchell,  mentioned  on  p.  3  also  to  the 
various  advanced  text-books  of  Physics. 

307.  The  Nature  of  Light.  —  Light  is  now  considered  to  be  an  electro- 
magnetic phenomenon  due  to  a  periodicjvariation  in  the  energy  given  off  by 
vibrating  electrons.  This  energy  is  transmitted  by  a  series  of  periodic  changes 
that  show  all  the  characters  of  ordinary  wave  phenomena.  The  light  waves, 
as  they  are  conmionly  called,  possess  certain  short  wave-lengths  that  are  of  the 
correct  magnitude  to  affect  the  optic  nerves.  Other  similar  waves  with  longer 
or  shorter  wave-lengths  belong  to  the  same  class  of  phenomena.  Immediately 
beyond  the  violet  end  of  the  visible  spectrum  come  the  so-called  "ultra- 
violet" waves  with  still  shorter  wave-lengths  and  on  beyond  these  we  have 
the  X-rays  and  the  "gamma"  rays  produced  by  radium.  Of  the  waves 
having  greater  lengths  than  those  of  light  waves  we  have  the  waves  that  give 
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rise  to  the  sensation  of  heat  and  the  Hertzian  waves  used  in  wireless.  All  of 
these  vibrations,  while  varying  enormously  in  their  wave-lengths,  belong  to 
the  same  order  of  phenomena  and  obey  the  same  laws.  The  proportion  that 
the  section  of  the  series  which  produces  the  effect  of  light  bears  to  the  whole 
may  be  strikingly  shown  when  we  say  that  if  ordinary  white  light  is  broken  up 
into  a  spectrum  a  yard  long  and  this  then  considered  to  be  extended  on  either 
end  so  as  to  include  all  known  electro-magnetic  waves  the  entire  spectrum 
would  be  over  five  million  miles  in  length. 

The  transmission  of  light  through  interstellar  space,  through  liquids  and 
transparent  solids,  has  for  some  time  been  explained  by  the  assumption  that 
a  medium,  called  the  luminiferous  ether,  pervades  all  space,  including  the 
intermolecular  space  of  material  bodies.  In  this  medium  the  vibrations  of 
light  waves  are  assumed  to  take  place.  For  the  purposes  of  the  present  work, 
however,  it  is  imnecessary  to  consider  closely  the  exact  nature  of  light  or  the 
mode  of  its  transmission.  It  will  assist  greatly,  however,  in  obtaining  a  clear 
idea  of  the  behavior  of  light  in  crystals  if  we  assume  that  light  waves  are  me- 
ehanical  in  nature  and  consist  of  periodic  vibrations  in  an  all-prevailing  ether. 

308.  Wave-motion  in  Genend.  —  A  familiar  example  of  wave-motion 
is  given  by  the  series  of  concentric  waves  which  on  a  surface  of  smooth  water 
go  out  from  a  center  of  disturbance,  as  the  point  where  a  pebble  has  been 
dropped  in.  These  surface-waves  are  propagated  by  a  motion  of  the  water- 
particles  which  is  transverse  to  the  direction  in  which  the  waves  themselves 
travel;  this  motion  is  given  from  each  particle  to  the  next  adjoining,  and  so 
on.  Thus  the  particles  of  water  at  any  one  spot  oscillate  up  and  down,* 
while  the  wave  moves  on  as  a  circular  ridge  of  water  of  constantly  increasing 
diameter,  but  of  diminishing  height.  The  ridge  is  followed  by  a  valley, 
indeed  both  together  properly  constitute  a  wave  in  the  physical  sense.  This 
compound  wave  is  followed  by  another  wave  and  another,  until  the  original 
impulse  has  exhaiisted  itself. 

Another  familiar  kind  of  wave-motion  is  illustrated  by  the  sound-waves 
which  in  the  free  air  travel  outward  from  a  sonorous  body  in  the  form  of 
concentric  spheres.  Here  the  actual  motion  of  the  layers  of  air  is  forward 
and  back  —  that  is,  in  the  direction  of  propagation  of  the  sound  —  and  the 
eflfect  of  the  transfer  of  this  impulse  from  one  layer  to  the  next  is  to  give  rise 
alternately  to  a  condensed  and  rarefied  shell  of  air,  which  together  constitute 
a  sound-wave  and  which  expand  in  spherical  waves  of  constantly  decreasing 
intensity  (since  the  mass  of  air  set  in  motion  continually  increases).  Soimd- 
waves,  as  of  the  voice,  may  be  several  feet  in  length,  and  they  travel  at  a  rate 
of  1120  feet  per  second  at  ordinary  temperatures. 

309.  It  is  important  to  understand  that  in  both  the  cases  mentioned,  as  in 
every  case  of  free  wave-motion,  each  point  on  a  given  wave  may  be  considered 
as  a  center  of  disturbance  from  which  a  system  of  new  waves  tend  to  go  out. 
These  individual  wave-systems  ordinarily  destroy  each  other  except  so  far  as 
the  onward  progression  of  the  wave  as  a  whole  is  concerned.  This  is  further 
discussed  and  illustrated  in  its  application  to  light-waves  (Art  312  and  Figs. 
509,  510). 

In  general,  therefore,  a  given  wave  is  to  be  considered  as  the  resultant  of 
all  these  minor  wave-systems.  If,  however,  a  wave  encounters  an  obstacle  in 
its  path,  as  a  narrow  opening  (i.e.,  one  narrow  in  comparison  with  the  length 

*  Strictly  speaking,  the  path  of  each  particle  approximates  closely  to  a  circle. 
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of  the  wave)  or  a  sharp  edge,  then  the  fact  just  mentioned  explains  how  the 
waves  seem  to  bend  about  the  obstacles,  since  new  waves  start  from  them  as 
centers.  This  principle  has  an  important  application  in  the  case  of  light- 
waves, explaining  the  phenomena  of  diffraction  (Art.  331). 

810.  Still  another  case  of  wave-motion  may  b^  mentioned,  since  it  is  particularly  help- 
ful in  giving  a  correct  apprehension  of  li^t-phenomena.  If  a  long  rope,  attached  at  one 
end,  be  grasped  at  the  otner,  a  quick  motion  of  the  hand,  up  or  down,  will  give  rise  to  a  half 
wave-form  —  in  one  case  a  crest,  in  the  other  a  trough  —  which  will  travel  quickly  to  the 
other  end  and  be  reflected  back  with  a  reversal  in  its  position;  that  is,  if  it  went  forward 
as  a  hill-like  wave,  it  will  return  as  a  trough.  If.  just  as  the  wave  has  reached  the  «id,  a 
second  like  one  be  started,  the  two  will  meet  ana  pass  in  the  middle,  but  here  for  a  brief 
interval  the  rope  is  sensibly  at  rest,  since  it  feels  two  eaual  and  opposite  impulses.  This 
will  be  seen  later  to  be  a  case  of  the  simple  interference  oi  two  like  waves  opposed  in  phase. 

Again,  a  double  motion  of  the  hand,  up  and  down,  will  produce  a  complete  wave,  with 
crest  and  trough,  as  the  result,  /md  this  a^^iin  is  reflected  back  as  in  the  simpler  case.  Still 
again,  if  a  senes  of  like  motions  are  oontmued  rhythmically  and  so  timed  that  each  wave 
is  an  even  part  of  the  whole  rope,  the  two  systems  of  equal  and  opposite  waves  passing  in 
the  two  directions  will  interfere  and  a  system  of  so-called  stationary  waves  will  be  the 
result,  the  rope  seeming  to  vibrate  in  segments  to  and  fro  about  the  position  of  equilibrium. 

Finally,  if  the  end  of  the  rope  be  made  to  describe  a  small  circle  at  a  rapid,  uniform, 
rhythmical  rate,  a  system  of  stationary  waves  will  again  result,  but  now  the  vibrations  of 
the  8trin|;  will  be  sensibly  in  circles  about  the  central  line.  This  last  case  will  be  seen  to 
roufl^y  indicate  the  kind  of  transverse  vibrations  by  which  the  waves  of  circularly  poUur- 
iEed  light  are  propa^ted.  while  the  former  case  represents  the  vibrations  of  waves  of  what 
is  called  plane-polarused  light. 

All  these  cases  of  waves  obtained  with  a  rope  deserve  to  be  carefully  considered  and 
studied  by  experiment,  for  the  sake  of  the  assistance  they  give  to  an  understanding  of  the 
complex  phenomena  of  light-waves. 

311.  Light-waves.  —  In  the  discussion  that  follows,  in  order  to  make 
the  explanations  simpler  and  clearer,  light  waves  have  been  treated  as  if  they 
consisted  of  mechanical  disturbances  in  a  material  medium  called  the  ether. 

The  vibrations  in  the  ether  caused  by  the  transmission  of  a  light  wave 
take  place  in  directions  transverse  to  the  direction  of  the  movement  of  the 
wave.  These  oscillations  have  the  following  characters.  When  an  ether  par- 
ticle is  set  vibrating  it  moves  from  its  original  position  with  gradually  decreas- 
ing velocity  until  the  position  of  its  maximum  displacement  is  reached.  Then 
with  gradually  increasing  velocity  it  returns  to  its  original  position  and  since 
it  is  moving  without  friction  it  will  continue  in  the  same  direction  on  past  this 
point.  Its  velocity  will  then  again  diminish  until  it  has  reached  a  displace- 
ment equal  but  opposite  in  direction  to  its  first  swing,  when  it  will  start  back 
on  its  course  and  repeat  the  oscillation.  The  varying  velocity  of  such  an 
oscillation  would  be  the  same  as  that  shown  by  a  particle  moving  around  a 
circle  with  uniform  speed  if  the  particle  was  observed  in  a  direction  lying  in  the 
plane  of  the  circle.  Under  these  conditions  the  particle  would  appear  to  move 
forward  and  backward  along  a  straight  line  with  constantly  changing  velocity. 
Such  a  motion  is  called  simple  harmonic  motion. 

The  motion  of  one  ether  particle  is  communicated  to  another  and  so  on, 
each,  in  order,  falling  a  little  behind  in  the  time  of  its  oscillation.  Conse- 
quently, while  the  individual  particles  move  only  back  and  forth  in  the  same 
line  the  wave  disturbance  moves  forward.  If,  at  a  given  instant  of  time,  the 
positions  of  successive  particles  in  their  oscillations  are  plotted,  a  curve,  such 
as  shown  in  Fig.  508,  will  be  formed.  Such  a  curve  is  known  as  a  harmonic 
curve.  The  oscillatory  motion  of  the  particles  in  a  light  wave  is  called  a 
periodic  motion  since  it  repeats  itself  at  regular  intervals.    The  maximum  dis- 
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placement  of  a  particle  from  its  original  position  of  rest  is  called  the  amplitude 

of  the  wave  (distance  C-D,  Fig.  508).    The  phase  of  a  particle  at  a  given 

instant  is  its  position  in 

the     vibration    and    the  ^^ 

direction    in    which  it  is 

moving. 

The  distance  between 
any  particle  and  the  next 
which  is  in  a  like  position 
—  I.e.,  of  like  pha^Sf  as  A 
and  B — is  the  vxwe-lengih; 
and  the  time  required  for 
this  completed  movement 
is  the  time  of  vibration, 
or  vibration^period.  The  wave-system  therefore  travels  onward  the  distance 
of  one  wave-length  in  one  vibration-period.  The  intensity  of  the  light  varies 
with  the  amplitude  of  the  vibration,  and  the  color,  as  explained  in  a  later  ar- 
ticle, depends  upon  the  length  of  the  waves;  the  length  of  the  violet  waves  is 
about  one-half  the  length  of  the  red  waves. 

In  ordinary  light  the  transverse  vibrations  are  to  be  thought  of  as  taking 
place  in  all  planes  about  the  line  of  propagation.  In  the  above  figure,  vibra- 
tions in  one  plane  only  are  represented;  Ught  that  has  only  one  direction  of 
transverse  vibration  is  said  to  be  plane-polarized, 

light-waves  have  a  very  minute  length,  only  0*000023  of  an  inch  for  the 
yellow  sodium  flame,  and  they  travel  with  enormous  velocity,  186,000  miles 
per  second  in  a  vacuum;  thus  light  passes  from  the  sun  to  the  earth  in  about 
eight  minutes.  The  vibration-period,  or  time  of  one  oscillation,  is  conse- 
quently extremely  brief;  it  is  given  by  dividing  the  distance  traveled  by  light 
in  one  second  by  the  number  of  waves  included.* 

312.  Wave-front.  —  In  an  isotropic  medium,  as  air,  water,  or  glass  — 
that  is,  one  in  which  light  would  be  propagated  in  all  directions  about  a  lumi- 
nous point  with  the  same  velocity  —  the  waves  are  spherical  in  form.  The 
wave-front  is  the  continuous  surface,  in  this  case  spherical,  which  includes  all 
particles  that  commence  their  vibration  at  the  same  moment  of  time.  Obvi- 
ously the  curvature  of  the  wave-front  diminishes  as  the  distance  of  the  source 
of  light  increases,  and  when  the  light  comes  from  an  indefinitely  great  distance 
(as  the  sun)  the  wave-front  becomes  sensibly  a  plane  surface.  Such  waves  are 
usually  called  plane  v>ave8.  These  cases  are  illustrated  by  Figs.  509  and  510. 
In  Fig.  509  the  luminous  point  is  supposed  to  be  0,  and  the  medium  being 
isotropic,  it  is  obvious  that  the  wave-front,  as  ABC  ...  G,  is  spherical.  It  is 
also  made  clear  by  this  figure  how,  as  briefly  stated  in  Art.  309,  the  resultant 
of  all  the  individual  impulses  which  go  out  from  the  successive  points,  as 
Aj  jB,  C,  etc.,  as  centers,  form  a  new  wave-front,  abc  ...  fir,  concentric  with 
ABC  ...(?.    In  Fig.  510  the  luminous  body  is  supposed  to  be  at  a  great  dis- 


hundrea  trilhon  waves  of  violet  light  would  pass  througn  such  a  point  

extreme  brevity  of  the  interval  of  time  regmred  for  the  passage  of  a  single  wave  of  this 
sort  may  perhaps  be  realized  better  when  it  is  said  that  one  eight-hundriMi-trilhonth  of  a 
second  is  a  vastlv  smaller  part  of  a  second  than  a  second  is  of  the  whole  of  historic  time." 
Comstock  and  Troland,  ''The  Nature  of  Matter  and  Electricity,''  p.  157. 
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tance,  so  that  the  wave-front  AB  .  . 

609 


F  is  a  plane  surface.  Here  also  the 
individual  impulses  from  Ay  B,  etc., 
unite  to  form  the  wave-front  ab . ,  .f 
parallel  to  AB  . . .  F. 

313.  Light-ray.  —  The  study  of 
Ught-phenomena  is,  in  certain  cases, 
facihtated  by  the  conception  of  a 
lightr-rayf  a  line  drawn  from  the 
liuninous  point  to  the  wave-front, 
and  whose  direction  is  taken  so  as 
to  represent  that  of  the  wave  itself. 
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In  Fig.  509  OA,  OB,  etc.,  are  diverging  light-rays,  and  in  Fig.  510 
Oil,  OB,  etc.,  are  parallel  light-rays.  In  both  these  cases,  where 
the  medium  is  assumed  to  be  isotropic,  the  light-ray  is  normal  to  the  wave- 
front.  This  is  equivalent  to  saying  that  the  light-wave  moves  onward  in  a 
direction  normal  to  the  wave-front. 

It  must  be  understood  that  the  "hght-ray"  has  no  real  existence  and  is 
to  be  taken  only  as  a  convenient  niiethod  of  representing  the  direction  of 
motion  of  the  light-waves  imder  varying  conditions.  Thus  when  by  appro- 
priate means  {e.g,,  the  use  of  lenses)  the  curvature  of  the  wave-front  is  altered 
—  for  example,  if  from  being  a  plane  surface  it  is  made  sharply  convex  —  then 
the  hght-rays,  at  first  parallel,  are  said  to  be  made  to  diverge.  Again,  if  the 
convex  wave-front  is  made  plane,  the  diverging  light-rays  are  then  said  to  be 
made  parallel. 

314.  Wave-length.  Color.  White  Light.  —  Notwithstanding  the  very 
small  length  of  the  waves  of  hght,  they  can  be  measured  with  great  precision. 
The  visual  part  of  the  waves  going  out  from  a  brilliantly  incandescent  body, 
as  the  glowing  carbons  of  an  electric  arc-hght,  may  be  shown  to  consist  of 
waves  of  widely  varjring  lengths.    They  include  red  waves  whose  length  is 

0'0007604  mm.  (about  onT^no  ^'  ^^  inch  J  and  waves  whose  length  constantly 

diminishes  without  break,  through  the  orange,  yellow,  green,  and  blue  to  the 
violet,  whose  minimiun  length  (0*0003968  mm.)  is 'about  half  of  that  of  the 
red.  The  colo  of  light  is  commonly  said  to  depend  upon  its  wave-length  and 
will  be  so  spoken  of  here.  This  is  not  strictly  true,  however,  because,  since 
the  velocity  of  light  vaiies  with  the  medium  through  which  it  is  traveling 
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^prhile  the  vibration  period  remains  constant  under  all  conditions,  it  follows 
that  the  wave-length  of  light  of  the  same  color  must  be  different  in  different 
media.  It  is,  therefore,  rather  the  frequency  with  which  the  light  waves  reach 
the  eye  tLat  determines  the  color  sensation.  Commonly  a  given  color  is 
produced  by  the  combination  of  several  difiFerent  wave-lengths  of  light.  It  is 
strictly  monochramatic  only  when  it  corresponds  to  one  definite  wave-length; 
this  is  nearly  true  of  the  bright-yellow  sodium  line,  though  strictly  speaking 
this  consists,  of  two  sets  of  waves  of  slightly  different  lengths. 

The  effect  of  ** white  light''  is  obtained  if  all  the  waves  from  the  red  to  the 
violet  come  together  to  the  eye  simultaneously;  for  this  reason  a  piece  of 
platinum  at  a  temperature  of  1500®  C.  appears  "white  hot." 

The  radiation  from  the  sources  named,  either  the  sim,  the 
electric  carbons,  or  the  glowing  platiniun,  includes  also  longer  waves 
which  do  Qot  affect  the  eye,  but  which,  like  the  light-waves,  produce  the 
effect  of  sensible  heat  when  received  upon  an  absorbing  surface,  as  one  of  lamp- 
black. There  are  also,  particularly  in  the  radiation  from  the  sun,  waves 
shorter  than  the  vio|pt  which  also  do  not  affect  the  eye.  The  former  are 
called  infra-red,  the  latter  5^1^ 

uUra-violet  waves. 

The  brighineas  of  light 
depends  upon  the  am- 
plitude of  its  vibrations 
and  varies  directly  as  the 
square  of  this  distance. 

315.  Complementary 
Colors.  —  The  sensation 
of  white  Ught  mentioned 
above  is  also  obtained 
when  to  a  given  color  — 
that  is,  li^t-waves  of 
given  wave-length  —  is 
combined  a  certain  other 
so-called  complemerUary 
color.  Thus  certain  shades 
of  pink  and  green  combined,  as  by  the  rapid  rotation  of  a  card  on 
which  the  colors  form  s^ments,  produce  the  effect  of  white.  Blue  and 
yellow  of  certain  shades  are  also  complementary.  For  every  shade  of  color  in 
the  spectrum  there  is  another  one  cotnplementary  to  it  in  the  sense  here 
defin^.  The  most  perfect  illustration  of  complementary  colors  is  given  by 
the  examination  of  sections  of  crystals  in  polarized  light,  as  later  explained. 

816.  Reflection.  —  When  Ught-waves  come  to  the  boundary  which 
separates  one  medium  from  another,  as  a  surface  of  water,  or  glass  in  air, 
they  are,  in  general,  in  part  reflected  or  returned  back  into  the  first  medium. 

The  reflection  of  light-waves  is  illustrated  by  Figs.  511  and  512.  In  Pig. 
511,  M  M  is  the  reflecting  surface  —  here  a  plane  surface  —  and  the  light- 
waves have  a  plane  wave-front  (Abcde);  ixn  other  words,  the  light-rays 
(OA,  Ob,  etc.)  are  parallel.  It  is  obvious  that  the  wave-front  meets  the  sur- 
face first  at  A  and  successively  from  point  to  point  to  E,  These  points  are  to 
be  r^arded  as  the  centers  of  new  wave-systems  which  unimpeded  would  be 
propagated  outward  in  all  directions  and  at  a  given  instant  would  have 
traveled  through  distances  equal  to  the  lines  Aa',  Bb\  etc.     Hence  the  com- 
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mon  tangent  fghkE  to  the  circular  arcs  drawn  with  these  radii  from  A,  B, 
etc.,  represents  the  direction  of  the  new  or  reflected  wave-front.     But  geomet- 
jjj  rically  the   angle  eAE   is 

equal  to  fEA,  or  the  in- 
cident ami  reflected  wave- 
fronts  make  eqiuU  ait^les 
imth  the  refiscting  surface. 
If  NA  is  a  normal  at  A, 
the  angle  OAN  —  called 
the  angle  of  incidence  —  is 
equal  to  NAF,  the  attgle 
of  reflection.  Hence  the 
familiar  law: 

The  angle  of  incidence  is 
equal  to  the  angle  of  reflec- 
tion. 

Furthermore,  the  "in- 
cident and  reflected  rays" 
both  lie  in  the  same  plane 
with    the  nonnal  .to  the 
rejecting  surface. 
In  Fig.  512,  where  the  luminous  point  is  at  0,  the  wavee  going  out  from  it 
will  meet  the  plane  mirror  MM  first  at  the  point  A  and  successively  at  points, 
as  B,  C,  D,  etc.,  farther  away  to  the  right  (and  left)  of  A.     Here  also  it  is  easy 
to  show  that  all  the  new  impulses,  which  have  their  centers  at  A,  B,  C,  etc., 
must  together  give  rise  to  a  series  of  reflected  waves  whose  center  is  at  O",  at  a 
distance   equally   great  from  MM  measured  on   a   normal  to  the  suiffiee 
(0-4  =  O'A). 

Now  the  lines  OA,  OB,  etc.,  which  are  perpendicular  to  the  wave-front, 
represent  certain  incident  light-rays,  and  the  eye  placed  in  the  direction  BE, 
CF,  etc.,  will  see  the  luminous  point  as  if  at  0'.  It  follows  from  the  construc- 
tion of  the  figure  and  can  be  proved  by  experiment  that  if  BN,  CN',  etc.,  are 
normals  to  the  mirror  the  angles  of  incidence,  OBN,  OCN',  etc.,  are  equal  to 
the  uigles  of  reflection,  NBE,  N'CF,  etc.,  respectively.  Hence  the  above  law 
applies  to  this  case  also. 

If  the  reflecting  surface  is  not  plane,  but,  for  example,  a  concave  surface, 
as  that  of  a  spherical  or  parabolic  mirror,  there  is  a  change  in  the  curvature  of 
the  wave-front  after  reflection,  but  the  same  law  still  holds  true. 

The  proportion  of  the  reflected  to  the  incideot  bpht  increasee  with  the  BmoothnesB  of 
the  surface  and  also  as  the  angle  of  incidence  diminiBhes.  The  intensity  of  the  reflected 
light  ia  a  maximmn  for  a  given  aurface  in  the  ease  of  perpendicular  incidence  {OA,  Fig.  512). 

If  the  surface  is  not  perfectly  polished,  disuse  rejlection  will  take  place,  and  there  will 
be  no  distinct  reflected  ray.  It  is  the  dinusdy  reflected  light  which  makes  the  reflected 
surface  visible;  if  the  simace  of  a  mirror  were  obtotutely  gmooA  the  eye  would  see  the 
reflected  body  in  it  only,  not  the  surface  itaelf.  Optically  expressed,  the  surface  is  to  be 
considered  smooth  if  the  dist&nce  between  the  Bcra,tche8  upon  it  is  considerably  less  (say 
one-fourth)  than  the  wave-length  ot  light. 

317.  Refraction.  —  When  light  passes  from  one  medium  into  another 
there  is,  in  general,  an  increase  or  decrease  in  its  velocity,  and  this  commonly 
results  in  the  phenomenon  of  refraction  —  that  b,  a  change  in  the  direction  of 
propagation.    The  priudplee  applicable  here  can  be  most  easily  shown  in  the 
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case  of  light-waves  with  a  plane  wave-front,  as  shown  in  Fig.  513  —  that  is, 
where  the  light-rays  OA,  OBy  etc.,  are  parallel.  Suppose,  for  example,  that 
a  light-wave,  part  of  whose  wave- 
front  is  Abcde,  passes  from  air 
obliquely  into  glass,  in  which  its 
velocity  is  about  two-thirds  as 
great  as  it  was  in  the  air  and 
suppose  the  surface  of  the  glass  to 
be  plane.  At  the  moment  that  the 
ray  0-A  enters  the  glass  the  ray 
0~E  has  reached  the  point  e. 
During  the  time  that  the  latter 
ray  travels  from  e  to  Ey  the  ray 
0-A  will  have  advanced  in  the 
glass  a  distance  equal  to  ie-£,  or 
to  some  point  on  an  arc  having  this 
distance  as  a  radius  (A-f).  In  the 
same  way  during  the  time  ray  0-E 
passes  from  the  point  p  to  E,  ray 
0-B  will  have  traveled  in  the  glass  the  distance  B-g,  equal  to 
f  p-E.  In  this  way  arcs  may  be  drawn  about  each  one  of  the  points  A,  B, 
C,  etc.,  and  the  position  of  the  new  wave-front  in  the  glass  determined  by  their 
common  tangent,  Ekhgf.  It  is  seen  that  there  is  a  change  of  direction  in  the 
wave-front,  or  otherwise  stated,  in  the  light-ray,  the  magnitude  of  which 
depends  on  the  ratio  between  the  light-velocities  in  the  two  media,  and,  as 
discussed  later,  also  upon  the  wave-length  of  the  light.  The  light-ray  is  here 
said  to  be  broken  or  refracted^  and  for  a  medium  Uke  glass,  optically  denser 
than  air  (i.e.,  with  a  lower  value  of  the  light-velocity),  the  refraction  is  toward 
the  perpendicular  with  the  angle  of  refraction,  r,  smaller  than  the  angle  of 
incidence,  i.  In  the  opposite  case  —  when  light  passes  into  an  optically 
rarer  medium  —  the  refraction  is  away  from  the  perpendicular  and  the  angle 
of  refraction  is  larger  than  that  of  in'cidence  (Art.  323). 

318.  Refractive  Index.  —  It  is  obvious  from  the  figure  that  whatever 
the  direction  of  the  wave-front  —  that  is,  of  the  light-rays  —  relatively  to  the 
given  surface,  the  ratio  of  eE  to  Afj  which  determines  the  direction  of  the  new 
wave-front  (ue,,  the  direction  of  a  refracted  ray,  AF)  is  constant.    This  ratio 

V 
is  equal  to  —  where  V  is  the  value  of  the  light-velocity  for  the  first  medium 

(here  air)  and  v  for  the  second  (as  glass).    This  constant  ratio  is  commonly 
represented  by  n  and  is  known  as  the  index  of  refraction.    Therefore 

eE 


n  = 


Af 

In  Pig.  513,  by  construction, 

Z  eAE  =  z  1 

Ai  eE        , 

Also,  -r^  =  sin  t 


Therefore, 
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The  law  of  refraction  then  is  given  by  the  expression,  n  =  -: — ,  or  may  be 

formulated  as  follows: 

The  sine  of  the  angle  of  incidence  bears  a  constant  ratio  to  the  sine  of  the 
angle  of  refraction. 

In  the  case  of  light  passing  from  air  into  crown  glass  this  ratio  is  found  to 

•  • 

SlU  z 

be,  nin  ~  1'608,  and    this    number  consequently  gives  the  value  of  the 


sm  r 
refractive    index,  or   n,    for 

514 


this    kind 


of  glass. 
The  above  relation  holds  true  for 
any  wave-system  of  given  wave- 
length in  passing  from  one  medium 
into  another,  whatever  the  wave- 
front  or  shape  of  the  bounding  sur- 
face. In  Fig.  514  the  luminous 
point  is  at  0,  and  it  can  be  readily 
shown  that  the  new  wave-front 
propagated  in  the  second  me- 
dium (of  greater  optical  density) 
has  a  flattened  curvature  and 
corresponding     to    this    a     center 

at  0'  I  where  jyt 

incident  rays  OB,  OC,  are  re- 
fracted at  B  and  C,  the  correspond- 
ing refracted  rays  being  BE  and  CF. 
For  this  case  also  the  relation  holds 
good, 


=^- 


Here  the 


n  = 


sm  I 
sinr 


sm  % 


smr 


> ,  etc. 


If  the  bounding  surface  is  not  plane  but  curved,  as  in  lenses,  there  is  a 
change  in  the  curvature  of  the  wave-front  in  the  second  medium,  but  the 


simple  law,  n  =  - —  >  holds  true  here  also,  so  long  as  the  medium  is  isotropic. 

The  relation  between  wave-length  and  refractive  index  is  spoken  of  in 
Art.  328. 

319.  Relation  of  Refractive  Index  to  Light-velocity.  —  The  discussion 
of  the  preceding  article  shows  that  if  n  is  the  refractive  index  of  a  given  sub- 
stance for  waves  of  a  certain  length,  referred  to  air,  V  the  velocity  in  air  and  v 
the  velocity  in  the  given  medium,  then 

V 

n  =s  —  • 

V 

For  two  media  whose  indices  are  n\  and  nj  respectively,  it  consequently  follows 
that 

ni  _  f^^ 
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Therefore,  The  indices  of  refraction  of  two  given  media  for  a  certain  twwe- 
length  are  inversely  proportional  to  their  relative  light-vetocUies. 

In  other  words,  if  the  velocity  of  light  in  air  is  taken  as  equal  to  1  and 
the  velocity  of  the  same  light  is  found  to  be  one  half  as  great  when  passing 
through  a  given  substance,  the  index  of  refraction,  or  n,  of  that  substance 
when  referred  to  air  (n  =  TO)  will  be  equal  to  2'0. 

320.  Principal  Refractive  Indices.  —  The  refractive  index  has,  as 
stated,  a  constant  value  for  every  substance,  referred,  as  is  usual,  to  air  (or 
it  may  be  to  a  vacuum).  In  regard  to  solid  media,  it  is  evident  from  Art. 
318  and  will  be  further  explain^  later  that  those  which  are  isotropic,  viz., 
amorphous  substances  and  crystals  of  the  isometric  system,  can  have  but  a 
single  value  of  this  index.  Crystals  of  the  tetragonal  and  hexagonal  systems 
have,  as  later  explained,  tvx)  principal  refractive  indices,  €  and  w,  corresponding 
to  the  velocities  of  light-propagation  in  certain  definite  directions  in  them. 
Further,  all  orthorhombic,  monoclinic,  and  trjclinic  crystals  have  similarly 
three  principal  indices,  oc,  fi,  y.  In  the  latter  cases  of  so-called  anisotropic 
media,  the  mean  refractive  index  is  taken,  namely,  as  the  arithmetical  mean 

321.  Effect  of  Index  of  Refraction  upon  Luster,  etc.  —  The  luster  and 
general  appearance  of  a  transparent  substance  depend  largely  upon  its  refrac- 
tive index.  For  instance  the  peculiar  aspect  of  the  mineral  cryolite,  by  means 
of  which  it  is  usually  possible  to  readily  identify  the  substance,  is  due  to  its 
low  index  of  refraction.  If  cryolite  is  pulverized  and  the  powder  poured  into 
a  test  tube  of  water  it  will  disappear  and  apparently  go  into  solution.  It  is 
quite  insoluble,  however,  but  becomes  invisible  in  the  water  because  its  index 
of  refraction  (about  1*34)  is  near  that  of  water  (1*335).  The  light  will  travel 
with  practically  the  same  velocity  through  the  cryolite  as  through  the  water 
and  consequently  suffer  little  reflection  or  refraction  at  the  surfaces  between 
the  two.  On  the  other  hand  powdered  glass  with  a  higher  index  of  refraction 
than  that  of  water  appears  white  imder  the  same  conditions  because  of  the 
reflection  of  light  from  the  surfaces  of  the  particles. 

Substances  having  an  unusually  high  index  of  refraction  have  an  appear- 
ance which  it  is  hard  to  define,  and  which  is  generally  spoken  of  as  an  adamanr 
tine  luster.  This  kind  of  luster  may  be  best  comprehended  by  examining 
specimens  of  diamond  (n  =  2*419)  or  of  cerussite  (n  =  1*98).  They  have  a 
flash  and  quality,  sometimes  almost  a  metallic  appearance,  which  is  not 
possessed  by  minerals  of  a  low  refractive  index.  Compare,  for  example,  spec- 
imens of  cerussite  and  fluorite  (n  =  1*434).  The  ususd  index  of  refraction  for 
minerals  may  be  said  to  range  not  far  from  1*55,  and  gives  to  minerals  a  luster 
which  has  been  termed  vitreous.  Quartz,  feldspar,  and  halite  show  good 
examples  of  vitreous  luster. 

Below  is  given  a  list  of  common  minerals  arranged  according  to  their  indices 
of  refraction.  For  minerals  other  than  those  of  the  isometric  system  the 
average  value  (as  defined  in  the  preceding  article)  is  given  here. 


Water 1 

Fluorite 1 

Orthoclase 1 

Gjrpsum 1 

Quartz 1 


335  Muscovite 1 

434  Beryl 1 

523  Calcite 1 

524  Topaz 1 

547  Tremolite 1 


582 
582 
601 
622 
622 
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Dolomite.. 
Aragonite. 
Apatite. . . 

Barite 

Diopside. . 

Cyanite 

Epidote 

Corundum, 
Almandite. 
Malachite. 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


626 

633 

633 

640 

685 

•723 

750 

765 

•810 

•880 


Angle&dte 1 

Zircon 1 

Cenissite 1 

Cassiteiite 2 

Sulphur 2 

Sphalerite 2 

Diamond 2 

Rutile 2 

Cuprite 2 

Cinnabar 2 


952 
986 
029 
077 
369 
419 
711 
849 
969 


SSS.  Reiatioiu  between  Chemical  Comoositioii,  Densi^,  and  Refractire  Index.  —  That 
d^nite  rdations  exist  between  the  chemical  composition  of  a  substance,  its  specific  gravity, 
and  its  index  of  refraction,  has  been  conclusively  shown  in  manv  cases.  With  the  plagio- 
clase  feldspar  group,  for  instance,  the  variation  in  composition  which  the  different  members 
show  is  accompanied  by  a  direct  variation  in  density  and  refractive  index.  Attempts 
have  been  made  to  express  these  relations  in  the  form  of  mathematical  statements. 
Tlte  two  most  satisfactoTy  expressions  are  the  one  proposed  by  Gladstone  and  Dale,* 

— ^ —  ■>  constant,  and  the  one    proposed    independently   by   Lorents  f  a^^d  Lorenz,! 

n*  —  1    1 
,  ■  ^ '  7  "  constant.    In  these  n  is  equal  to  the  mean  refractive  index  and  d  to  the  density. 

These  were  originally  proposed  for  use  with  gases  and  solutions  and  for  these  bodies  have 
been  found  to  serve  about  equally  well.  When  attempts  are  made,  however,  to  apply  them 
to  crvstalline  solids  the  results  are  at  the  best  only  approximate.  §  This  is  probably  because 
the  formulas  do  not  take  into  consideration  the  modifications  that  the  crsrstal  structure 
must  introduce. 

323.  Total  Reflection.    Critical  Angle.  —  In  regard  to  the   principle 

stated  in  Art.  318  and  expressed  by  the  equation  n  =  -= — ,  two  points  are  to  be 

noted.    First,  if  the  angle  i  =  0®,  then  sin  t  =  0,  and  obviously  also  r  =  0;  in 
other  words,  when  the  ray  of  light  (as  OA,  Fig.  514)  coincides  with  the  per- 
pendicular, no  change  of  direction  takes  place,  the  ray  proceeds  onward  (AD) 
into  the  second  medium  without  deviation,  but  with  a  change  of  velocity. 
Again,  if  the  angle  i  »  90°,  then  sin  t  ~  1,  and  the  equation  above  becomes 

n  =  -; —  or  sin  r  =  -.    As  n  has  a  fixed  value  for  every  substance,  it  is  obvi- 
smr  n  ' 

ous  that  there  will  also  be  a  corresponding  value  of  the  angle  r  for  the  case 

mentioned.    From  the  above  table  it  is  seen  that  for  water,  sin  r  =  t"^x^  and 

1  oo5 

and  r  =  38°  27';  for 


1-608 


r  =  48°  31';  for  crown  glass  (n  =  1-608),  sin  r  = 

diamond,  sin  r  =  jr-rTj  and  r  =  24°  25'. 

z42 

This  fact,  that  for  each  substance  at  a  particular  value  of  the  angle  rthe 

angle  i  becomes  equal  to  90°,  has  an  important  bearing  on  the  behavior  of 

light  when  it  is  passing  from  an  optically  denser  into  an  optically  rarer  medium. 


•  Pha.  Trans.,  158,  317,  1863. 
t  Wiedem.  Ann.,  9,  641,  1880. 
1  Wiedem.  Ann.,  11,  70,  1880. 

S  E.  S.  Larsen,  Am.  Jour.  Sci.,  28,  263,  1909.    See  also  Cheneveau,  Ann.  Chem.  Phys.. 
18,  145,  289,  1907. 
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In  Fig.  515  we  may  assume  that  light  rays  coming  from  various  directions 

meet  the  surface  between  a  block  of  glass  and  the  air  at  the  point  A.     Light 

traveling  along  the  path  0-A  will 

pass  out   into  the  air  without  a 

change  in  its  direction  but  with  an 

increase   in    its   velocity.      If   it 

emerges   from   the   glass    at  any 

other  angle  than  90^  the  ray  on 

entering  the  air  will  be  bent  away 

from  the  perpendicular   and  the 

angle  of  deviation  will  vary  with 

the  angle  at  which  the  ray  touched 

the  surface  and  with  the  index  of 

refraction  of  the  glass.    The  same 

law  holds  true  in  this  case  as  in 

the  case  of  a  ray  entering  from  the 

air, 

except  that  the  formula  nows  reads  n  =  -: — :,  where  r  =  the  angle  the  ray  in 

^        •  sin  t  ®  '^ 

air  makes  with  the  normal  to  the  surface  and  i  =  the  angle  that  the  ray  makes 
within  the  glass  to  the  hame  normal.  In  Fig.  515  the  ray  C-A  will  pass  out 
into  the  air  along  the  line  A-D.  But  the  angle  i  for  the  ray  E-A  =  38°  27' 
and,  as  shown  in  the  preceding  paragraph,  for  glass,  where  n  =  1*608,  the 
angle  r  in  the  air  will  be  90°  and  the  ray  will  travel  along  the  surface  of  the 
glass  in  the  direction  A-F.  Consequently  any  ray,  such  as  G-A,  which  meets 
the  surface  of  the  glass  at  an  angle  greater  than  38°  27',  will  be  unable  to  pass 
out  into  the  air  and  will  suffer  total  reflection  at  the  surface,  passing  back  into 
the  glass  in  the  direction  A-G',  with  angle  OAG  =  angle  OAG'.  The  angle 
at  which  total  reflection  takes  place  for  any  substance  is  known  as  its  critical 
angle. 

The  phenomenon  of  total  reflection  is  taken  advantage  of  in  the  cutting 
of  gem  stones.  According  to  common  practice  such  a  stone  is  cut  with  a  flat 
surface  on  top  and  with  a  number  of  inclined  facets  on  the  bottom.  The 
light  that  enters  the  stone  from  above  is  in  a  large  measure  totally  reflected 
from  the  sloping  planes  below  and  comes  back  to  the  eye  through  the  stone. 
The  amount  of  light  reflected  in  this  way  and  the  consequent  brilliancy  of  the 
gem  increases  with  its  index  of  refraction.  Two  stones  cut  exactly  alike,  one 
from  diamond  and  the  other,  perhaps,  from  quartz,  would  have  very  different 


616 


517 


X*'  '.  'M^ 

^^J^ 

Total  Reflection  in  Fluoritc  n»1.43       Total  Reflection  in  Diamond  n»2.42 

appearances  due  to  this  difference  in  the  amount  of  light  totally  reflected  from 
their  lower  facets.    This  principle  is  illustrated  in  Kgs.  516  and  517.    They 
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represent  cross  sections  of  two  hemispheres  cut,  one  from  fluorite  and  the 
other  from  diamond.  It  is  assumed  that  light  from  all  directions  is  focused 
on  the  center  of  the  plane  surface-of  each  hemisphere.  All  the  light  that  meets 
this  surface  at  an  angle  greater  than  the  critical  angle  for  the  mineral  will  be 
totally  reflected  back  through  the  spherical  surface.  The  shaded  areas  of  the 
figures  show  the  amount  of  light  in  each  case  that  would  be  so  reflected  and 
clearly  illustrate  the  optical  (fifference  between  the  two  substances. 

324.  Effect  of  Index  of  Refraction  upon  Microsoopic  Phenomena.  —  In 
the  study  of  minerals,  especially  in  thin  sections  under  the  microscope,  varia- 
tions in  the  index  of  refraction  give  effects  which  are  of  importance.  In  Fig. 
518  let  it  be  assumed  that  L  is  the  objective  lens  of  a  compound  microscope, 
and  that  the  instrument  is  exactly  focused  upon  a  point  O,  Fig.  518,  A.  If 
now  we  imagine  that  a  section  of  some  mineral  of  mean  index  of  refraction  is 

518 


|n-L96       0" 


D 


c 


y=m 


'Cover  flan 


C'SectioD  in  iHilnm 
slide 


placed  under  the  lens,  Fig.  518,  B,  the  point  O'  will  now  be  in  focus,  or  as  in 
Fig.  518,  C,  where  the  mineral  is  supposed  to  have  a  high  index  of  refraction, 
the  focus  will  be  at  O''.  Thus  it  is  that  with  two  sections  of  equal  thickness 
and  with  the  lens  in  the  same  position,  one  looks  deeper  into  the  mineral  of 
higher  index  of  refraction.  Consequently,  when  there  are  two  minerals  in 
the  same  section,  the  one  having  a  high  and  the  other  a  low  index  of  refraction 
(for  example,  a  crystal  of  zircon,  n  =  1.95,  embedded  in  quartz,  n  =  1.55),  the 
one  having  the  higher  index  of  refraction  will  apparently  have  the  greater 
thickness  and  will  appear  to  stand  up  in  relief  above  the  surface  of  the  mineral 
of  lower  index.  The  apparent  relief  is  furthermore  augmented  by  other 
properties  to  be  explained  below. 

In  preparing  thin  sections  of  minerals  or  rocks  for  study  with  the  micro- 
scope the  process,  in  brief,  is  to  make  first  a  flat  surface  upon  the  mineral  or  rock 
by  grinding  it  upon  a  plate  supplied  with  some  abrasive.  This  flat  surface  is 
then  cemented  to  a  piece  of  glass  by  means  of  Canada  balsam  and  the  re- 
mainder of  the  mineral  is  ground  away  until  only  a  thin  film  remains,  which  in 
the  best  rock  sections  is  not  over  0'03  mm.  in  thickness.  The  section  is  finally 
embedded  in  balsam,  n  about  1'54,  and  over  it  a  thin  cover  glass  is  laid.     In 
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the  preparation  of  a  section  the  surfaces  are  not  polished,  hence,  from  the 
nature  of  the  abrasive,  they  must  be  pitted  and  scratched  and  it  may  be 
assumed  that  in  cross  section  such  a  preparation  would  be  somewhat  as  repre- 
sented in  Fig.  518,  D.  When  a  thin  section  is  examined  under  the  microscope 
the  light  enters  the  section  from  below,  having  been  reflected  up  into  the 
microscope  tube  by  an  inclined  mirror.  Before  it  reaches  the  section  it  will 
have  passed  throu^  a  nicol  prism  and  through  a  slightly  converging  lens.  Let 
it  be  assumed  that  the  mineral  at  a,  Fig.  518,  D,  is  one  of  mean  refractive 
index.  The  convergent  light  entering  the  section  will  pass  with  little  or  no 
refraction  from  the  mineral  into  the  balsam  because  their  refractive  indices 
are  nearly  aUke.  Hence  the  roughness  of  the  surface  of  the  section  is  not 
apparent  and  the  mineral  appears  as  if  polished.  If  there  is  a  crack,  as  at  b, 
so  much  light  penetrates  it  that  it  is  scarcely  visible  when  the  convergent 
lens  is  close  to  the  object,  but  when  the  latter  is  lowered,  and  especially  when 
the  light  is  restricted  by  the  use  of  an  iris  diaphragm  inserted  into  the  micro- 
scope tube,  the  nearly  parallel  rays  of  light  will  suffer  some  total  reflection 
along  the  line  of  the  crack  and  so  make  it  visible.  On  the  other  hand,  if  the 
mineral  has  a  high  index  of  refraction  there  will  be  innumerable  places  all  over 
the  section  where  the  surfaces  are  so  inclined  that  the  light  will  suffer  total 
reflection  in  attempting  to  pass  from  the  optically  dense  mineral  into  the  rarer 
balsam.  Hence  the  uneven  surface  of  the  section  due  to  its  grinding  is  plainly 
visible.  This  effect  is  more  pronounced  if  the  convergent  lens  is  lowered. 
The  cracks  that  may  exist  in  a  mineral  of  high  index  of  refraction  are  for  the 
same  reasons  much  more  distinct  than  in  a  mineral  of  low  index.  Further, 
if  a  mineral  of  high  index  of  refraction  is  embedded  in  one  of  low,  c.  Fig.  518, 
D,  there  will  be  places  along  its  outer  edge  where  total  reflection  will  take  place, 
thus  causing  its  outline  to  be  dark  and  distinct.  This  effect  combined  with 
the  roughened  aspect  of  the  surface  and  the  apparent  increase  in  thickness, 
as  described  in  the  preceding  paragraph,  all  tend  to  make  a  mineral  of  high 
index  of  refraction  stand  out  conspicuously  in  relief. 

326.  Determination  of  the  Indices  of  Refraction  of  Mineral  Grains 
under  the  Microscope.  —  The  considerations  of  the  preceding  article  sug- 
gest a  means  of  determining  the  indices  of  refraction  of  mineral  grains  under 
the  microscope.  If  a  grain  is  immersed  in  a  liquid  of  known  index  of  refrac- 
tion it  is  possible  to  determine  whether  it  has  a  higher  or  lower  index  of 
refraction  than  the  liquid  and  by  the  use  of  a  series  of  Uquids  of  varying 
refractive  indices  it  is  possible  to  determifie  with  considerable  acciutusy  the 
index  of  refraction  of  the  mineral.  A  list  of  liquids  *  in  common  use|for  such 
purposes,  with  their  indices  of  refraction  is  given  below. 

Mixtures  of  refined  petroleum  oils  and  turpentine 1'  450-1 '  475 

Turpentine  and  ethylene  bromide  or  clove  oil 1  •  480-1  *  535 

Clove  oil  and  a-monobromnaphthalene 1 '  540-1  *  635 

Petroleum  oils  and  a-monobromnaphthalene 1  *  475-1 "  650 

a-monobronmaphthalene  and  methylene  iodide 1*  650-1  *  740 

Sulphur  dissolved  in  methylene  iodide 1 '  740-1 "  790 

Mixtures   of  methylene   iodide  with   iodides  of   antimony, 
arsenic  and  tin,  fiJso  sulphur  and  iodoform  (see  Merwin) ...     1 '  740-1 '  870 

Methylene  iodide  and  arsenic  trisulphide  (see  Merwin) 1 "  740-2  280 

Resin-like  substances  formed  from  mixtures  of  piperine  and 

*  Wright,  Methods  of  Petrographic-MicroBcopic  Research,  p.  98;  Merwin,  Jour.  Wash. 
Acad.  So.,  8,  35,  1913. 


214 


PHYSICAL  MINERALOGY 


the  tri-iodides  of  arsenic  and  antimony.    These  fuse  easily 
and  mineral  grains  can  be  thus  embedded  in  a  thin  film  of  the 

material 1  680-2- 100 

The  indices  of  refraction  of  the  test  liquids  can  be  determined  either  by 
the  use  of  the  total  refractometer  or  by  filling  a  hollow  glass  prism  with  the 
hquid  and  using  the  methods  employed  with  ordinary  mineral  prisms,  see 
Art.  327. 

A  series  of  these  liquids  should  be  prepared  which  for  most  purposes  might 
conveniently  show  differences  in  the  indices  of  the  different  liquids  of  O'Ol. 
For  more  exacting  work  smaller  differences  bet\«een  the  indices  of  the  members 
of  the  series  would  be  of  advanti^.  If  these  are  kept  in  well  stoppered 
bottles  and  are  protected  from  the  light  they  will  show  very  little  change  over 
considerable  periods  of  time.  It  is  advisable,  however,  to  check  their  indices 
at  least  once  a  year. 

The  mineral  to  be  studied  should  be  broken  down  into  uniform  small 
grains.  (0*05  nmi.  is  usually  a  good  diameter)  and  then  a  few  grains  placed 
upon  a  glass  slide.  A  drop  of  Uquid  with  a  known  index  of  refraction  is  then 
placed  upon  the  gndns  and  the  whole  covered  with  a  thin  cover  glass.  When 
a  minersd  grain  is  immersed  in  a  hquid  of  closely  the  same  index  of  refraction 
it  loses  its  sharpness  of  outline  and  if  the  mineral  is  colorless  and  the  corre- 
spondence of  the  two  indices  exact  it  will  quite  disappear.  Certain  tests, 
however,  are  commonly  used  to  determine  the  relative  indices  of  the  mineral 
and  the  hquid  which  with  proper  care  can  distinguish  differences  as  small  as 
0*01  or  with  practice  and  especial  care  as  small  as  O'OOl.  To  make  these  tests 
the  condenser  below  the  microscope  stage  should  be  lowered  and,  if  the  instru- 
ment has  a  sub-stage  iris  diaphragm,  this  should  be  partly  closed.  Under 
these  conditions  the  obliquity  of  the  light  is  reduced  and  only  a  small  pencil 
of  hght  composed  of  nearly  parallel  rays  enters  the  section.     Let  Fig.  519 

1^20  represent    a    mineral    grain 

illuminated  in  this  way  when 
immersed  in  a  hquid  of 
higher  index  of  refraction. 
The  light  rays  as  they 
pass  from  the  mineral  into 
the  higher  refracting  hquid 
above  will  be  bent  away 
from  the  perpendicular.  In 
the  opposite  case,  Fig.  520, 
where  the  mineral  has  the 
higher  index  the  reverse  will 
be  true  and  the  Ught  rays 
will  be  bent  toward  the 
perpendicular.  This  will 
Grain  with  Low  Refractive  Grain  with  High  Refractive    produce     in     one     case      a 

%^  ^p^"^*""  HV^  Yi""  ^J^^P^,.^  W^  brighter  niumination  of  the 

of  High  Refractive  Index  of  Low  Refractive  Index    ,     *^  *^*x**^««  v*x    vi   uu^ 

^  borders  of  the  mineral  gram 

and  in  the  other  a  brighter  illumination  of  its  center.  This  dif- 
ference in  illumination  is,  however,  conmionly  so  shght  as  to  be  cer- 
tainly detected  only  with  difficulty.  The  so-called  Becke  Test  is  conunonly 
used  under  these  circumstances.  This  consists  in  focusing  upon  the  grain 
with  a  high  power  objective  and  then  slowly  raising  or  lowering  the  micro- 
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scope  tube.  In  the  case  illustrated  by  Fig.  519,  when  the  tube  is  raised,  a 
narrow  line  of  light  will  be  seen  to  move  outward  from  the  mineral,  while 
when  the  tube  is  lowered  this  line  will  move  inward.  In  the  case  illustrated 
in  Fig.  520  the  opposite  conditions  will  prevail.  A  convenient  rule  to  remem- 
ber is  that  w?ten  the  microscape  tube  is  raised  the  Becke  line  mU  move  toward  the 
maierial  of  higher  refractive  index  and  when  the  tube  is  lowered  this  line  mil 
move  toward  the  maierial  of  lower  index.  This  makes  a  very  satisfactory  and 
quite  delicate  test  for  distinguishing  differences  in  refractive  indices.  Some- 
times two  lines  will  appear  moving  in  opposite  directions  and  it  may  be  diffi- 
cult to  decide  which  is  the  Becke  line.  This  is  usually  obviated  by  lowering 
the  condenser  or  decreasing  the  aperture  in  the  iris  diaphragm.  For  the  use 
of  the  Becke  test  in  rock  sections,  see  Art.  326. 

The  test  upon  mineral  grains  immersed  in  a  liquid  may  also  be  made  by 
means  of  oblique  illumination.  An  oblique  pencil  of  rays  may  be  obtained 
most  conveniently  by  placing  a  pencil,  a  ISinger,  or  a  piece  of  cardboard  between 
the  reflecting  mirror  and  the  polarizer  in  such  a  way  as  to  darken  one-half  of 
the  field  of  vision.  The  best  results  will  be  obtained  by  the  use  of  an  objective 
of  medium  magnifying  power.  When  a  mineral  grain  is  viewed  under  these 
conditions  it  will  be  noted  that  one  of  its  edges  is  more  brightly  illuminated 
than  the  other.  With  the  condenser 
lens    lowered    and    mineral    with  a  lower  621 

index  of  refraction  than  the  liquid,  the 
bright  edge  of  the  mineral  will  be  away 
from  the  shadow,  while  if  the  mineral 
has  a  higher  index  than  the  liquid  the 
bright  edge  will  be  on  the  side  toward  the 
shadow.  These  conditions  are  pre- 
sented in  Fig.  521,  where  L  and  H 
represent  grains  with  indices  respectively 
lower  and  higher  than  the  liquid  in 
which  they  are  immersed.  If  the  con- 
denser lens  is  raised  effects  exactly  op- 
posite to  those  described  above  will  be 
noted.  It  is  wise,  at  first  at  least,  to 
test  the  apparatus  used  by  observing 
mineral  fragments  of  known  indices  and  taking  note  of  the  effects  produced. 

Commonly  the  liquids  used  have  a  higher  dispersion  than  the  mineral  to 
be  tested.  In  other  words  the  liquid  will  have  distinctly  different  indices  of 
refraction  for  red  and  for  blue  Ught.  If  the  mineral  should  have  an  index 
intermediate  between  those  for  red  and  blue  light  in  the  liquid  the  grain 
when  illuminated  in  oblique  light  will  show  colored  borders.  With  the  con- 
denser lens  lowered  the  edge  of  the  mineral  next  to  the  shadow  will  be  colored 
an  orange-red  while  the  edge  away  from  the  shadow  will  be  pale  blue.  If  the 
amount  of  the  dispersion  in  the  liquid  (i.e.,  the  difference  between  the  indices 
for  blue  and  red  light)  is  not  too  great  this  effect  gives  very  closely  the  refrac- 
tive index  of  the  mineral. 

It  should  be  pointed  out  here  that  all  minerals,  except  those  of  the  isometric 
system,  show  different  indices  of  refraction  depending  upon  the  crystal  direc- 
tion in  which  the  light  is  passing  through  the  mineral.  Consequently  un- 
orientated  grains  of  a  mineral,  unless  it  belongs  to  the  isometric  system,  will 
show  a  variation  in  the  refractive  indices  depending  upon  their  position  on 
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the  slide.  Sometimes  it  ta  possible  to  determine  the  crystal  orientation  of  a 
grain  due  to  some  significant  cleavage  or  structure  and  so  obtain  the  index 
for  some  particular  crystal  direction,  but  ordinarily  all  that  can  be  determined 
is  the  mean  index  of  refraction  of  the  mineral. 

326.  The  Becke  Test  in  Rock  Sections.  —  The  Becke  test  can  be  often 
used  in  a  rock  section  to  determine  the  relative  indices  of  refraction  of  two 
different  minerals  lying  in  contact  with  each  other.  Their  contact  plane  should 
be  nearly  vertical  in  order  to  give  clear  results.  The  position  of  this  plane 
can  be  determined  by  focusing  on  the  surface  of  the  section  and  then  when 
the  microscope  tube  is  lowered  note  whether  or  not  the  position  of  the  dividing 
line  between  the  two  minerals  remains  stationary  or  moves.  If  it  remains 
stationary  or  moves  only  a  Uttle,  the  dividing  plane  is  vertical  or  nearly  so. 
Under  these  conditions  assume  that  the  cone  of  light  entering  from  below  is 
focused  at  point  O,  Fig.  522,  lying  on  the  dividing  plane  between  L  (mineral 
with  lower  index)  and  H  (mineral  with  higher  index).     The  light  rays  1-6 

passing  as  they  do  from 
m  a  mineral  of  lower  index 

into  one  of  higher  will 
suffer  no  total  reflection 
and  all  emerge  from  the 
section  on  the  side  of  H. 
On  the  other  hand,  rays 
7-12  attempting  to  pass 
from  H  to  L  will  only  in 
part  pass  across  the 
dividing  plane  while  the 
others  will  be  totally 
reflected  and  add  them- 
selves to  rays  1-6  on  the 
side  of  H.  H  will  there- 
fore show  a  brighter 
illumination  than  L.  In 
this  case  also  when  the 
tube  of  the  microscope  is 
raised  the  Becke  line  will 
be  seen  moving  toward 
the  mineral  of  higher 
index  or  when  the  tube  is 
lowered  toward  that  of 

lower  index.     The  beet  results  will  be  obtained  by  using  an  objective  of  high 

magnification  and  the  condenser  lens  must  be  lowered. 

327.  Determination  of  the  Index  of  Refraction  by  Means  of  Prisms  or 
Plates.  — -  For  the  more  accurate  determination  of  the  indices  ©f  refraction  of 
minerals  a  natural  or  cut  prism  or  plate  of  the  mineral  is  used.  In  all  cases, 
except  minerals  of  the  isometric  system,  the  prism  or  plate  used  must  have  a 
certain  crystallographic  orientation.  This  matter,  however,  will  be  discussed 
when  the  optical  characters  of  such  minerals  are  given.  For  the  present,  we 
will  assume  that  the  mineral  whose  index  of  refraction  is  to  be  determined  is 
isometric  in  its  crystallization.  There  are  two  chief  methods  of  determining 
the  index  of  refraction  by  the  use  of  a  prism. 

1.  The  Method  of  Perpendicular  IntMence.  —  This  method,  although  not 
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the  one  most  generally  employed,  is  an  excellent  one  to  become  acquainted 
with,  as  it  may  be  used  to  advantage  in  some  cases  and  from  it  the  formula 
necessary  for  making  the  calculations  is  readily  derived.     It  is  necessary  to 
have  a  prism  of  the  mineral  which  has  two 
plane  surfaces  meeting  at  a  small  angle.  628 

This  angle  should  be  small  enough  so  that 
the  light  may  pass  freely  through  the  prism 
and  not  suffer  any  total  reflection  as  it 
attempts  to  pass  out  into  the  air.  For  in- 
stance with  fiuorite  in  which  n  =  r434,  the 
prism  angle  must  be  less  than  44°  12',  for  at  ^ 
this  angle  total  reflection  would  take  place.  ^"~ 
For  a  mineral  of  higher  index  the  angle 
would  have  to  be  smaller  still,  as  with  dia-  pi 

mond,  n  =  2*419,  where  total  reflection 
would  take  place  at  24°  24'.  On  the  other 
hand,  more  accurate  results  will  be  obtained  Refraction  of  Light  through  a  Prism 
if  the  prism  angle  is  fairly  near  to  the  limit  Method  of  Perpendicular  Incidence 
for  the  mineral  being  used.** 

Let  Fig.  523  represent  the  cross  section  of  such  a  prism.     Let  a-b  represent 

a  ray  of  light  striking  the  face  of  this  prism  at  90**  incidence.     It  will  suffer 

no  deviation  in  its  path  on  entering  the  prism  but  will  proceed  with  somewhat 

diminished  velocity  until  it  reaches  c.    In  passing  out  of  the  prism  at  this  point, 

from  a  denser  to  a  rarer  medium,  the  light  will  be  deflected  away  from  the 

normal  to  the  surface,  P-P'y  making  a. deviation  5  in  the  direction  c-d.    The 

data  necessary  for  the  calculation  of  the  index  of  refraction  under  these 

conditions   are  the   angle   of  the   prism,  a,  and  that  of  the  deviation  in 

the  path  of  the  light,  d.    It  is  easy  to  see  from  the  figure  that  a  and  a'  are 

equal,  for  they  are  both  parts  of  right-angled  triai^les  having  the  angle 

hP'c  in  common,  and  a"  is  equal  to  a'  because  they  are  opposite  angles.     The 

angle  of  incidence,  as  defined  in  Art.  317,  is  equal  to  oc  +  5  and  the  angle  of 

sin  i 
refraction  is  equal  to  a.     Therefore  the  usual  formula  - —  =  n  becomes  here 

smr 

— I =  n.     In  order  to  make  a  determination  of  the  index  of  refraction, 

sm  a 

therefore,  it  is  necessary  to  measure  these  two  angles,  a  and  S, 

The  prism  is  mounted  on  a  one-circle  reflection  goniometer  and  its  angle 

2  measured  in  the  same  way  as  an  angle  upon  a  crystal.     The  instrument  is 

then  adapted  to  the  uses  of  a  refractometer.     For  this  purpose  it  is  necessary 

to  note  that  the  telescope  and  vernier  are  both  fastened  to  the  outer  rim  of  the 

instrument  and  move  together.     The  graduated  circle  being  clamped,  the 

telescope  tube  is  first  moved  to  the  position  T\  Fig.  524,  so  that  the  rajrs  from 

the  collimator  tube,  C,  passing  the  edge  of  the  prism,  cause  the  light  signal  to 

fall  on  the  vertical  cross-hair  of  the  telescope.     The  inner  circle  being  clamped 

the  telescope  is  next  moved  through  an  arc  of  exactly  60°  to  position  T"  and 

then  clamped.    Next  the  prism  is  turned  to  the  first  petition  so  that  the 

light  from  C  is  reflected  from  its  right-hand  face  and  the  signal  s  falls  on  the 

cross-hair  of  T".     In  this  position  the  normal,  iV,  to  the  prism  face,  must  bisect 

the  angle  between  the  axes  of  C  and  T'\    The  prism  is  now  turned  through 

an  angle  of  exactly  60°  to  its  second  position,  which  brings  the  normal  N 

exactly  in  line  with  the  axis  of  the  collimator  tube.    When  this  has  been 
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accomplished  the. graduated  circle  is  securely 

524 


clamped.  The  telescope  may 
now  be  undamped  and 
moved  without  altering  the 
position  of  the  prism,  and 
somewhere  between  7"  and 
T"  a  position  7""  will  be 
found  where  the  refracted 
ray  falls  on  the  cross-hair 
of  the  telescope.  The  move- 
ment of  the  telescope  from 
the  position  T"  back  to 
T'  gives  the  angle  of  devia- 
tion, or  b^  of  the  light 
ray  that  has  been  refracted 
by  the  prism.  In  practice 
it  is  well  to  repeat  the 
measurements  both  of  a  and 
b  several  times  and  to 
go  through  all  the  opera- 
tions of  shifting  the  posi- 
tions of  the  prism  and 
telescope.  If  white  light  is 
used  for  illumination  the 
refracted  ray  seen  at  T'" 
will  appear  as  a  narrow 
spectrum.  To  make  an 
exact  determination  a  mpno- 
chromatic  light  (sodium  light 
is  best)  must  be  employed. 
2.  The  Method  of  Min- 
Determination  of  Index  of  Refraction  imum    Deviation,  —  This   is 

Method  of  Perpendicular  Incidence  the    method    that    is    most 

generally  employed  for  determining  indices  of  refraction  by  the  use  of 
prisms.  It  depends  upon 
the  principle  that  when  a 
beam  of  light,  abed,  Fig. 
525,  traverses  a  prism  in  such 
a  way  that  the  angles  i  and  i' 
are  equal,  the  beam  suffers 
the  minimum  amount  of 
deviation  in  its  path  of  any 
possible  course  through  the 
prism.  This  fact  may  be 
proven  empirically  by  experi- 
mentation on  the  refrac- 
tometer.  In  order  to  make 
a  determination,  the  angle  a 
of  the  prism  is  first  measured 
on  the  goniometer.  The 
angle  of  the  prism  with  this 
method  may  be  considerably  larger  than  when  the  method  of  perpendicular 
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Determination  of  Index  of  Refraction 
Method  of  Minimum  Deviation 


incidence  is  used.  The  prism  is  then  turned  with  its  edge  to  the  left  about  as 
in  the  position  shown  in  Fig.  526,  the 
telescope  undamped  and  moved  until 
the  refracted  ray  appears  in  it.  Now, 
turn  the  central  post  with  the  prism 
on  it  toward  the  left  and  f oUow  the  signal 
with  the  telescope.  The  position  of 
minimum  deviation  is  soon  reached, 
when,  on  turning  the  prism,  the  signal 
seems  to  remain  stationary  for  a  moment 
and  then  moves  away  to  the  right, 
no  matter  in  which  direction  the  prism  is 
turned.  A  Uttle  practice  is  needed 
to  determine  exactly  the  position  of  min- 
imum deviation  and  the  measurement 
should  be  made  in  a  monochromatic 
light.  When  the  telescope  is  properly 
placed  at  this  point  the  graduated  circle 
is  clamped  and  the  telescope  turned 
until  the  direct  signal  from  the  collimator 
tube  is  fixed  upon  the  vertical  cross- 
hair. The  angle  between  these  two 
positions  of  the  telescope  is  the  same  as 
the  angle  of  deviation,  or  5.  The  for- 
mula for  making  the  necessary  calcu- 
lation from  these  measurements  follows  very  simply  from  a  comparison  of 
Figs.  525  and  523.  It  may  be  imagined  that  Fig.  525  is  composed  of  two 
prisms  Uke  Fig.  523  placed  back  to  back.  This  results  in  doubling  the  angles 
a  and  5  so  that  the  formula  now  becomes 

_  sin  |(a  +  d) 

n  = : — z • 

sm  \(x 

3.  The  Method  of  Total  Reflection.  —  This  method  is  based  upon  the  prin- 
ciple that  light  cannot  always  pass  from  an  optically  dense  into  an  optically 
rarer  medium  but  at  a  certain  angle,  known  as  the  critical  angle,  will  suffer 
total  reflection.  The  critical  angle  for  any  substance  varies  with  the  index  of 
refraction  of  that  substance  as  explained  in  Art.  323.  Consequently  if  we 
can  measure  this  critical  angle  we  can  calculate  the  index  of  refraction  of  the 
substance.  This  method  is  particularly  useful  because  the  measurement 
can  be  made  upon  a  single  polished  surface,  which  may  be  quite  small  in  area. 
This  measurement  is  made  by  means  of  an  instrument,  known  as  the  Total 
Refractometer,  a  description  of  which  will  be  found  in  Art.  362.  The  essential 
feature  of  this  instrument  is  a  hemisphere  of  glass  with  a  known,  high  index 
of  refraction.  The  upper  surface  of  the  hemisphere  is  plane  and  should  be 
accurately  adjusted  in  a  horizontal  position.  The  mineral  to  be  tested  may 
be  of  any  shape  provided  that  some  surface  upon  it  has  been  ground  plane 
and  poUshed.  A  drop  of  some  liquid  of  high  index  of  refraction  is  placed  be- 
tween the  surface  of  the  glass  hemisphere  and  the  flat  surface  of  the  mineral. 
This  serves  to  unite  the  two  substances  and  dispel  the  thin  layer  of  air  that 
would  otherwise  separate  them.  The  liquid  should  have  an  index  of  refraction 
intermediate  between  that  of  the  glass  and  that  of  the  mineral.     As  the  liquid 
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lies  between  the  two  substances  in  the  form  of  a  thin  film  with  parallel  surfaces 
whatever  optical  effect  it  has  upon  the  light  as  it  enters  will  be  balanced  by 
the  opposite  effect  as  the  light  leaves  the  film.  So  the  optical  effect  of  the 
liquid  can  be  ignored.  Fig.  527  represents  a  cross  section  of  such  a  hemi- 
sphere with  a  mineral  plate  resting  upon  it.  Let  it  be  now  supposed  that  by 
means  of  a  mirror  a  beam  of  monochromatic  Ught  is  thrown  upon  the  apparatus 
from  the  direction  of  X,    Rays  1  and  2  will  suffer  partial  refraction  at  the 

dividing  plane  between  the 
glass  and  the  mineral  to  rays 
1'  and  2'  and  also  partial 
reflection  to  rays  1"  and  2". 
Ray  3  strikes  the  mineral  at 
the  critical  angle  for  the 
combination  of  the  glass  and 
mineral  and  will  in  part  be 
refracted  at  a  90°  angle  and 
emerge  as  ray  3^  just  grazing 
the  surface  of  the  hemisphei-e. 
The  greater  part  of  ray  3  will 
however  be  reflected  as  ray  3". 
Beyond  this  point,  all  the  Ught 
must  be  totally  reflected,  thus 
4  to  4".  If  the  optical 
axis  of  a  telescope  is  now 
brought  to  the  direction  3", 
what  appears  to  be  a  marked 
One  side  will  be  illuminated  by  the 
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Determination  of  Index  of  Refraction 
Method  of  Total  Reflection,  I. 

shadow  will  appear  in  the  field  of  vision. 

total  reflection  of  all  rays  beyond  those  of  the  critical  angle  while  the  other 
side  will  be  distinctly  darker  since 
here  a  considerable  amount  of 
the  light  passed  out  into  the 
mineral.  The  angle  between  the 
position  of  the  shadow  and  the 
normal  to  the  surface  of  the 
hemisphere,  m,  Fig.  527,  will  be 
the  critical  angle  for  the  combina- 
tion of  glass  and  mineral.  As  the 
index  of  refraction  of  the  glass  is 
known  it  is  possible  to  calculate 
what  the  index  of  refraction  of  the 
mineral  must  be.  If  the  mineral 
plate  is  transparent  enough  so 
that  light  may  pass  through 
it  into  the  glass  hemisphere 
another  method  of  illumination 
may    be    used,   as    illustrated    in  Determination  of  Index  of  Refraction 

Fig.   528.     The  reflecting    mirror  Method  of  Total  Reflection,  II. 

is  so  arranged  that  the  light  comes  from  the  direction  X,  Rays  1  and  2  will 
be  refracted  to  1'  and  2'  and  3  which  just  grazes  the  surface  to  3'.  Beyond 
this  point  no  light  will  pass  into  the  hemisphere  and  a  telescope  placed  with 
its  axis  along  the  line  3'  will  show  in  its  field  a  dark  shadow.    The  contrast 
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between  the  light  and  dark  portions  of  the  field,  by  this  method  of  illumination, 
is  much  stronger  than  by  the  one  first  described.  The  telescope  is  so  placed 
that  the  line  of  the  shadow  exactly  divides  the  angle  between  the  diagonal 
cross-hairs  of  the  eyepiece.  The  telescope  is  attached  to  a  graduated  circle 
from  which  the  angle  /u  can  be  directly  read.  With  each  of  these  instruments 
comes  ordinarily  a  table  giving  the  indices  of  refraction  corresponding  to  the 
different  possible  values  of  ^,  This  table  can  easily  be  converted  into  a  curve 
plotted  on  co-ordinate  paper  in  such  a  way  that  the  index  of  refraction  for  a 
particular  angle  can  be  read  at  a  glance.  Further,  the  calculation  can  be  made 
having  given  the  index  of  refraction  of  the  glass  of  the  hemisphere  and  the 
value  of  M  for  a  special  mineral  plate.  Let  n'  equal  the  index  of  refraction  of 
the  glass  of  the  hemisphere  and  fx  the  critical  angle  measured;  then  the  index 
of  refraction  of  the  mineral,  n,  =  sin  m  X  n'.* 

328.  Dispersion.  —  Thus  far  the  change  in  direction  which  light  suffers  in 
reflection  and  refraction  has  alone  been  considered.  It  is  further  true  that 
the  amount  of  refraction  differs  for  light  of  different  wave-lengths,  being 
greater  for  blue  than  for  red.  In  consequence  of  this  fact,  if  ordinary  light  be 
passed  through  a  prism,  as  in  Fig.  525,  it  will  not  only  be  refracted,  but  it  will 
also  suffer  dispersion  or  be  separated  into  its  component  colors,  thus  forming 
the  prismatic  spectrum. 

This  variation  for  the  different  colors  depends  directly  upon  their  wave- 
lengths; the  red  waves  are  longer,  their  transverse  vibrations  are  slower,  and 
it  may  be  shown  to  follow  from  this  that  they  suffer  less  change  of  velocity 
on  entering  the  new  medium  than  the  violet  waves,  which  are  shorter  and 
whose  velocity  of  transverse  vibration  is  greater.  Hence  the  refractive  index 
for  a  given  substance  is  greater  for  blue  than  for  red  light.  The  following 
are  values  of  the  refractive  indices  for  diamond  determined  by  Schrauf : 

2-40845  red  (lithium  flame). 

2'41723  yellow  (sodium  flame). 

2*42549  green  (thallium  flame). 

329.  Spectroscope.  —  The  instrument  most  commonly  used  for  the 
analysis  of  the  light  by  dispersion  is  familiar  to  all  as  the  spectroscope.    There 

—  —  I  I  I 

*  The  derivation  of  this  formula  follows.    From  the  ordinary  law  for  the  index  of  re- 

r_  .-  1  velocity  of  light  in  air         sin  t  n  j.     u      xu       -x-    i        i    • 

fraction  we  have,  — ; — .^    %  :.  , ;  . : =  »  -; —  «  n.    But  when  the  cntical  an^e  is 

velocUy  of  light  in  mineral      sin  r 

reached  i  »  90**  and  sin  t  =  1.    Therefore  we  may  substitute  and  have 

n  =  —7 — r — ^,.  , .  . : ;  or  vdocUv  of  light  in  mineral  =»  -.    Further,  we  may  derive 

vdocity  of  hght  tn  mineral  «  j   -v  ^  t  j 

in  the  same  way  for  the  highly  refracting  glass  of  the  hemisphere  whose  refractive  index, 

n',  is  known,  the  expression,  vdocity  of  light  in  glass  »  — ,.    Further,  we  have  in  the  case 

n 

of  the  light  attempting  to  pass  from  the  glass  (optically  denser  medium)  into  the  mineral 

the  expression, 

velocity  of  light  in  mineral  ^  sin  90^ 

velocity  of  light  in  glass         sin  n  (measured  on  instrument). 
By  substituting  this  becomes 

1 


n  ^  sin  90°  ^  _! 
1        sin  i«        sin 


^ 


sm  /M       sm  M 


In'  •       w    # 

or  -T-—  =  —    or    n  »  am  M  X  o  • 

Bin  M      n 
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are  a  number  of  varieties  of  spectroscopes  made,  the  simplest  of  which  consists 
of  a  glass  prism  mounted  at  the  center  of  the  instrument  with  two  tubes 
pointing  away  from  it.  The  light  from  the  given  source  is  received  through 
a  narrow  slit  in  the  end  of  one  tube  and  made  to  fall  as  a  plane-wave  (that  is, 
as  a  " pencil  of  parallel  rays")  upon  one  surface  of  a  prism  at  the  center.  The 
light  is  dispersed  by  its  passage  through  the  prism  and  the  spectrum  produced 
is  viewed  through  a  suitable  telescope  at  the  end  of  the  second  tube. 

If  the  light  from  an  incandescent  solid  —  which  is  "white  hot"  (Art.  314) 
—  is  viewed  through  the  spectroscope,  the  complete  band  of  colors  of  the 
spectrum  is  seen  from  the  red  through  the  orange,  yellow,  green,  blue,  to  the 
violet.  If,  however,  the  Ught  from  an  incandescent  vapor  is  examined,  it  is 
found  to  give  a  spectrum  consisting  of  bright  lines  (or  bands)  only,  and  these 
in  a  definite  position  characteristic  of  it  —  as  the  yellow  line  (double  line)  of 
sodium  vap)or;  the  more  complex  series  of  lines  and  bands,  red,  yellow,  and 
green,  characteristic  of  barium;  the  multitude  of  bright  lines  due  to  iron 
vapor  (in  the  intensely  hot  electric  arc),  and  so  on. 

330.  Absorption.  —  Of  the  light  incident  upon  the  surface  of  a  new 
medium,  not  only  is  p^Lrt  reflected  (Art.  316)  and  part  transmitted  and  re- 
fracted (Art.  317),  but,  in  general,  part  is  also  absorbed  at  the  surface  and  part 
also  during  the  transmission.  Physically  expressed,  absorption  in  this  case 
means  the  transformation  of  the  ether-waves  into  sensible  heat,  that  is,  into 
the  motion  of  the  molecules  of  the  body  itself. 

The  color  of  a  body  gives  an  evidence  of  this  absorption.  Thus  a  sheet  of 
red  glass  appears  red  to  the  eye  by  transmiUed  lights  because  in  the  trans- 
mission of  the  light-waves  through  it,  it  absorbs  all  except  those  which  to- 
gether produce  the  effect  of  red.  For  the  same  reason  a  piece  of  jasper 
appears  red  by  reflected  lighty  because  it  absorbs  part  of  the  light-waves  at  the 
surface,  or,  in  other  words,  it  reflects  only  those  which  together  give  the 
effect  of  this  particular  shade  of  red. 

Absorption  in  general  is  selective  absorption;  that  is,  a  given  body  absorbs 
particular  parts  of  the  total  radiation,  or,  more  definitely,  waves  of  a  definite 
wave-length  only.  Thus,  if  transparent  pieces  of  glass  oif  different  colors  are 
held  in  succession  in  the  path  of  the  white  light  which  is  passing  into  the 
spectroscope,  the  spectrum  viewed  will  be  that  due  to  the  selective  absorption 
of  the  substance  in  question.  A  layer  of  blood  absorbs  certain  parts  of  the 
light  so  that  its  spectrum  consists  of  a  series  of  absorption  bands.  Certain 
rare  substances,  as  the  salts  of  didymium,  etc.,  have  the  property  of  selective 
absorption  in  a  high  degree.  In  consequence  of  this,  a  section  of  a  mineral 
containing  them  often  gives  a  characteristic  absorption  spectrum. 

This  latter  property  may  be  made  use  of  in  testing  certain  minerals,  more 
especially  those  that  contain  the  rare  earths  or  uranium.  These  give  char- 
acteristic absorption  bands  in  the  spectnun.  They  may  be  tested  by  passing 
a  strong  white  light  through  a  thin  section  of  the  mineral  and  observing  the 
resulting  spectrum  by  means  of  a  direct  vision  spectroscope.  Often  a  better 
result  will  be  obtained  by  illuminating  the  surface  of  the  mineral  and  testing 
the  reflected  light  for  absorption  bands.  The  light  will  have  sufficiently 
penetrated  the  mineral  before  reflection  to  have  had  some  of  it  absorbed. 
These  tests  can  be  made  best  by  some  sort  of  a  microspectroscope,  which 
will  give  a  clear  spectrum  superimpxxsed  upon  a  scale  of  wave-lengths.* 

''■■  For  details  of  thia  method  of  testing  mino^  see  Wherry,  Smithfloni&n  Misc.  Coll., 
,  No.  6, 1915. 
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The  dark  lines  of  the  solar  spectrum,  of  which  the  so-called  Fraunhofer 
lines  are  the  most  prominent,  are  due  to  the  selective  absorption  exerted  by 
the  solar  atmosphere  upon  the  waves  emitted  by  the  much  hotter  incandescent 
mass  of  the  sun. 

331.  Diffraction.  —  When  monochromatic  light  is  made  to  pass  through 
a  narrow  sUt,  or  by  the  sharp  edge  of  an  opaque  body,  it  suflFers  diffraction,  and 
there  arise,  as  may  be  observed  upon  an  appropriately  placed  screen,  a  series 
of  dark  and  light  bands,  growing  fainter  on  the  outer  limits.  Their  presence 
is  explained  (see  Arts.  335, 336)  as  due  to  the  interference,  or  mutual  reaction, 
of  the  adjoining  systems  of  waves  of  light,  that  is,  the  initial  light-waves, 
and  further,  those  which  have  their  origin  at  the  edge  or  sides  of  the  slit  in 
question.  It  is  essential  that  the  opening  in  the  slit  should  be  small  as  com- 
pared with  the  wave-length  of  the  light.  If  ordinary  light  is  employed, 
the  phenomena  are  the  same,  and  for  the  same  causes,  except  that  the  bands 
are  successive  colored  spectra. 

Diffraction  spectra,  explained  on  the  i)rinciple8  alluded  to,  are  obtained  from  diffraction 
gratings.  These  gratings  consist  of  a  series  of  extremely  fine  parallel  lines  (say,  15,000  or 
20,000  to  an  inch)  ruled  with  great  regularity  upon  glass,  or  upon  a  polished  surface  of 
speculum  metal.  The  glass  grating  is  used  with  transmitted,  and  the  speculum  grating 
with  reflected,  light;  the  Rowland  grating  of  the  latter  kind  has  a  concave  surface.  Each 
grating  gives  a  number  of  spectra,  of  the  first^  second,  third  order,  etc.  These  spectra 
have  the  advantage,  as  compared  with  those  given  by  misms,  that  the  dispersion  of  the 
different  colors  is  strictly  proportional  to  the  wave-length. 

332.  Double  Refraction.  —  As  implied  in  Art.  320»  all  crystallized  sub- 
stances may  be  divided  into  two  principal  optical  classes,  viz. :  isotropic,  in 
which  light  has  the  same  velocity  no  matter  what  the  direction  of  its  propaga- 
tion, and  anisotropicy  in  which  the  velocity  of  light  in  general  varies  with  the 
direction  of  propagation.  The  anisotropic  class  is  further  divided  into 
uniaxial,  which  includes  crystals  of  the  tetragonal  and  hexagonal  systems,  and 
biaxial,  which  includes  crystals  of  the  orthorhombic,  monoclinic,  and  triclinic 
systems.  The  characters  of  these  various  optical  classes  will  be  explained 
in  detail  further  on. 

In  the  discussion  of  Art.  317,  applying  to  isotropic  media,  it  was  shown  that 
light-waves  passing  from  one  medium  into  another,  which  is  also  isotropic, 
suffer  simply  a  change  in  wave-front  in  consequence  of  their  change  in  velocity. 
In  anisotropic  media,  however,  which  include  all  crystals  but  those  of  the 
isometric  system,  there  are,  in  general,  two  wave-systems  propagated  with 
different  velocities  and  only  in  certain  limited  cases  is  it  true  that  the  light- 
ray  is  normal  to  the  wave-front.  This  subject  cannot  be  adequately  explained 
until  the  optical  properties  of  these  media  are  fuUy  discussed,  but  it  must  be 
alluded  to  here  since  it  serves  to  explain  the  familiar  fact 
that,  while  with  glass,  for  example,  there  is  only  one 
refracted  ray,  many  other  substances  give  two  refracted 
ra3rs,  or,  in  other  words,  show  double  refraction. 

The  most  familiar  example  of  this  property  is  fur- 
nished by  the  mineral  calcite,  also  called  on  account 
of  this  property  "doubly-refracting  spar."  If  mnop 
(Fig.  529)  be  a  cleavage  piece  of  calcite,  and  a  ray  of 
light  meets  it  at  h,  it  will,  in  passing  through,  be 
divided  into  two  rays,  be,  bd.  For  this  reason,  a  dark 
spot  or  a  line  seen  through  a  piece  of  calcite  ordinarily  appears 
double.     As  implied  above,  the  same  property  is  enjoyed  by  all  crystallized 
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mineralsy  except  those  of  the  isometric  system.  The  wide  separation  of  the 
two  refracted  rays  by  calcite,  which  makes  the  phenomenon  so  striking,  is  a 
consequence  of  the  lai^e  difference  in  the  values  of  its  indices  of  refraction;  in 
other  words,  as  technically  expressed,  it  is  due  to  the  strength  of  its  double 
refraction,  or  its  birefringence. 

333.  Double  refraction  also  takes  place  in  the  anisotropic  media  just 
mentioned,  in  the  majority  of  cases,  even  when  the  incident  light  is  perpen- 
dicular to  the  surface.  If  the  medium  belongs  to  the  uniaxial  class  (see  p.  253, 
et  8eq,)f  one  of  the  rays  always  retains  its  initial  direction  normal  to  the  sur- 
face; but  the  other,  except  in  certain  special  cases,  is  more  or  less  deviated 
from  it.  With  a  biaxial  substance,  further,  both  rays  are  usually  refracted  and 
bent  from  their  original  direction.  In  the  case  of  both  uniaxial  and  biaxial 
media,  however,  it  is  still  true  that  the  normal  to  the  wave-front  remains  unre- 
fracted  with  perpendicular  incidence. 

334.  Interference  of  Waves  in  General.  —  The  subject  of  Ihe  inter- 
ference of  light-waves,  alluded  to  in  Art.  331,  requires  detailed  discussion.  It 
is  one  of  great  importance,  since  it  serves  to  explain  many  common  and  beauti- 
ful phenomena  in  the  optical  study  of  crystals. 

Referring  again  to  the  water-waves  spoken  of  in  Art.  308,  it  is  easUy 
understood  that  when  two  wave-systems,  going  out,  for  example,  from  two 
centers  of  disturbance  near  one  another,  come  together,  if  at  a  given  point 
they  meet  in  the  same  phase  (as  crest  to  crest),  the  result  is  to  give  the  particle 
in  question  a  double  amplitude  of  motion.  On  the  other  hand,  if  at  any  point 
the  two  wave-systems  come  together  in  opposite  phases,  that  is,  half  a  wave- 
length apart,  the  crest  of  one  corresponding  to  the  trough  of  the  other,  they 
interfere  and  the  amplitude  of  motion  is  zero.  Under  certain  conditions, 
therefore,  two  sets  of  waves  may  unite  to  form  waves  of  double  amplitude;  on 
the  other  hand,  they  may  mutually  interfere  and  destroy  each  other.  Obvi- 
ously an  indefinite  number  of  intermediate  ca^  Ue  between  these  extremes. 
What  is  true  of  the  waves  mentioned  is  true  also  of  sound-waves  and  of  wave- 
motion  in  general.  A  very  simple  case  of  interference  was  spoken  of  in  con- 
nection with  the  discussion  of  the  waves  carried  by  a  long  rope  (Art.  310). 

336.  Interference  of  Light-waves.  —  Interference  phenomena  can  be 
most  satisfactorily  studied  in  the  case  of  light-waves.  The  extreme  cases  are 
as  follows:  If  two  waves  of  like  length  and  intensity,  and  propagated  in  the 
same  direction,  meet  in  the  same  phase,  they  unite  to  form  a  wave  of  double 
intensity  (double  amplitude).  This,  as  stated  in  Art.  311,  will  cause  an 
increase  in  the  intensity  of  the  light.  If,  however,  the  waves  differ  in  phase 
by  half  a  wave-length,  or  an  odd  multiple  of  this,  they  irUerfere  and  extinguish 
each  other  and  no  light  results.  For  other  relations  of  phase  they  are  also 
said  to  interfere,  forming  a  new  resultant  wave,  differing  in  amplitude  from 
each  of  the  component  waves.  In  the  above  cases  monochromatic  light-waves 
were  assumed  (that  is,  those  of  like  length).  If  ordinary  white  li^t  is  used 
interference  for  certain  wave-lengths  may  result  with  the  consequent  sub- 
traction of  the  corresponding  color  from  the  white  Ught  and  so  give  rise  to 
various  spectrum  colors. 

336.  Illustrations  of  Interference.  —  A  simple  illustration  is  afforded  by 
the  bright  colors  of  very  thin  films  or  plates,  as  a  film  of  oil  on  water,  a  soap- 
bubble,  and  like  caseq.  To  imderstand  these,  it  is  only  necessary  to  remember 
that  the  incident  light-waves  are  reflected  in  part  from  the  upper  and  in  part 
from  the  lower  surface  of  the  film  or  plate.    The  rays  that  are  reflected  from 
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the  under  surface  of  the  very  thin  film  (see  Fig.  530)  having  traveled  a  greater 
distance  and  with  a  different  velocity  will,  when  they  unite  with  those  rays 
reflected  from  the  upper  surface,  show  in 
general  a  different  phase.  For  some  partic- 
ular wave-length  of  Ught  this  difference  is 
likely  to  be  exactly  a  half  wave-length  or 
some  odd  multiple  of  this  amount  arid  so  the 
corresponding  color  will  be  eliminated 
(assuming  that  ordinary  white  light  is  being 
used)  and  its  complementary  color  will  be 
seen.  It  is  to  be  noted  that  the  phenom- 
ena of  interference  by  reflection  are  some- 
what complicated  by  the  fact  that  there  is 
a  reversal  of  phase  (that  is,  a  loss  of 
half  a  wave-length)  at  the  surface  that 
separates  the  medium  of  greater  optical  density  from  the  rarer  one. 
Hence  the  actual  relation  in  phase  of  the  two  reflected  rays,  as  AC,  BD  (sup- 
posing them  of  the  same  wave-length)  is  that  determined  by  the  retardation 

due  to  the  greater  length  of  path  trav- 
ersed by  BD,  together  with  the  loss  of  a 
half  wave-length  due  to  the  reversal 
^    of  phase  spoken  of.     As  shown  in  the 
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figure,  there  are  also  two  transmitted  waves  which  also  interfere  in  like  manner. 

A  plano-convex  lens  of  long  curvature,  resting  on  a  plane  glass  surface 
(Fig.  631),  and  hence  separated  from  it,  except  at  the  center,  by  a  film  of  air 
of  varying  thickness,  gives  by  reflected  monochromatic  light  a  dark  center  and 
about  this  a  series  of  light  and  dark  rings,  called  Newton^a  rings.  The  dark 
center  is  due  to  the  interference  of  the  incident  and  reflected  waves,  the 
later  half  a  wave-length  behind  the  former.  The  light  rings  correspond 
to  the  distances  where  the  two  sets  of  reflected  waves  meet  in  the  same 
phase,  that  is  (noting  the  explanation  above)  where  the  retardation  of  those 
having  the  longer  path  is  a  half  wave-length  or  an  odd  multiple  of  this  (^X, 
W  iX,  etc.).  Similarly  the  dark  rings  fall  between  these  and  correspond  to 
the  points  where  the  two  waves  meet  in  opposite  phase,  the  retardation  being 
a  wave-length  or  an  even  multiple  of  this.  The  rings  are  closer  together  with 
blue  than  with  red  because  of  the  smaller  wave-length  of  blue  light.  In  each 
of  the  cases  described  the  ring  is  properly  the  intersection  on  the  plane  surface 
of  the  cone  of  rays  of  like  retardation. 

In  ordinary  white  light  we  get,  instead  of  the  alternate  light  and  dark  rings 
described  above,  a  series  of  colored  bands.  If  the  illumination  was  originally 
fay  sodiiun  light  the  position  of  the  dark  rings  indicates  where  Ught  for  that 
particular  wave-length  has  been  extinguish^  through  interference.  When 
white  light  is  used  the  conditions  in  respect  to  its  component  having  the 
yellow  sodium-light  wave-length  have  not  changed  and  this  light  will  still  be 
eliminated  at  the  same  points,  but  now,  instead  of  dark  rings,  we  get  rings  having 
the  complementary  color  blue.  If  our  original  illumination  was  by  means  of 
a  red  light  the  dark  rings  would  have  had  different  positions  from  those  pro- 
duced in  sodium  light.  And  again  when  white  light  is  used  red  light  is  elim- 
inated at  those  points  and  its  complementary  color  shows.  In  this  way  we 
obtain  a  series  of  colored  rings,  each  showing  the  successive  colors  of  the 
spectrum.     The  series  of  the  spectrum  colors  are  repeated  a  number  of  tinies 
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due  to  successive  interferences  produced  by  differences  of  phase  of  ),  l^,  2if 
etc.,  wave-lengths.  The  different  series  are  distinguished  as  of  the  first, 
second,  third,  etc.,  order;  for  a  given  color,  as  red,  may  be  repeated  a  number 
of  times.  The  interference  rings  for  different  colored  lights  are  not  evenly 
spaced,  the  rings  shown  in  blue  light  being,  for  instance,  closer  together  thaxi 
for  red.  Consequently  after  three  or  four  repetitions  of  the  spectrum  bands 
the  different  interference  rings  begin  to  overlap  one  another  and  the  resulting 
colors  become  fainter  and  less  pure.  Ultimately  this  overlapping  becomes 
so  general  that  the  effect  of  color  is  lost  and  white  hght,  the  so-call^  white  of 
the  higher  orders,  is  shown. 

Another  most  satisfactory  illustration  of  the  interference  of  light-waves  is  given  by 
means  of  the  diffraction  gratings  spoken  of  in  Art.  831. 

Other  cases  of  the  comp)osition  of  two  systems  of  light-waves  will  be  con- 
sidered after  some  remarks  on  polarized  hght. 

337.  Polarization  and  Polarized  Light  —  Ordinary  light  is  propagated 
by  transverse  vibrations  of  the  ether  which  may  take  place  in  any  direction  as 
long  as  it  is  at  right  angles  to  the  line  of  propagation.  The  direction  of  vibra^ 
tion  is  constantly  changing  and  the  resulting  disturbance  of  the  ether  is  a 
complex  one.  A  ray  of  ordinary  light  will  be  symmetrical,  therefore,  only  to 
the  line  of  its  propagation. 

Plarie-qMlarized  light,  on  the  other  hand,  as  stated  briefly  in  Art.  3II9  is 
propagated  by  ether-vibrations  which  take  place  in  one  plane  only.  The 
change  by  which  ordinary  hght  is  converted  into  a  polarized  hght  is  called 
polarization,  and  the  plane  at  right  angles  to  the  plane  of  transverse  vibration 
is  called  the  plane  of  polarization.* 

Polarization  may  be  accomplished  (1)  by  reflection  and  by  single  refrac- 
tion, and  (2)  by  double  refraction. 

338.  Polarization  by  Reflection  and  Single  Refraction.  —  In  general, 

light  which  has  suffered  reflection 
from  a  surface  like  that  of  polished 
glass  is  more  or  less  completely  po- 
larized; that  is,  the  reflected  waves 
are  propagated  by  vibrations  to  a 
large  extent  limited  to  a  single  plane, 
viz.,  (as  assumed)  the  plane  normal 
to  the  plane  of  incidence,  which  last 
is  hence  the  plane  of  polarization. 
Furthermore,  in  this  case,  the  light 
transmitted  and  refracted  by  the 
reflecting  medium  is  also  in  like 
manner  p)artially  polarized;  that  is, 
the  vibrations  are  more  or  less  limited 
to  a  single  plane,  in  this  case  a  plane  at 
right  angles  to  the  former  and  hence 
comciding  with  the  plane  of  incidence. 
For  instance,  in  Fig.  632,  let  a-b  rep- 
resent an  incident  Ught  ray  in  which 

the  vibrations  are  taking  place  in  all  possible  transverse  directions  as  represented 

>  *  It  is  necessary  to  keep  clear  the  distinction  between  the  jdane  of  polarization  and  the 
plane  in  which  the  vibrations  take  place.  All  ambiguity  is  avoided  by  speaking  unifonnly 
of  the  vibration-plane  of  the  light. 


CHARACTERS  DEPENDING  UPON  LIGHT 


227 


Brewster's  Law 


Sinz 
sin  r 


=  n 


by  the  arrows,  x-x,  y-y,  and  z-z.  When  this  ray  strikes  the  polished  surface 
at  6  light  with  vibrations  parallel  to  x-x  will  be  reflected  along  h-c  and 
other  vibrations  near  to  x-x  in  direction  will  be  shifted  to  this  diction  so 
that  the  reflected  ray  will  be 
largely  polarized.  In  a  similar 
manner  the  light  having  z-7^ 
vibrations  will  enter  the 
transparent  substance  as  the 
refracted  ray  6-d  and  other 
vibrations  will  be  shifted  to 
this  direction  so  that  the  re- 
fracted ray  is  also  largely 
polarized  and  in  a  plane  at  right 
angles  to  that  of  the  reflected 
ray.  Light  reflected  from  a 
pK>lished  and  transparent  sur- 
face  is  not  completely 
polarized  but  there  is  an  angle  of  incidence  for  every  substance 
at  which  the  amount  of  polarization  will  be  at  its  maximum.  This  will  hap- 
pen, as  illustrated  in  Fig.  533,  when  the  angle  between  the  reflected  and 
refracted  rays  AB  and  AC  equals  90^.    It  is  evident  from  a  consideration  of 

« 

the  figure  that  the  angle  r  is  the  complement  of  i\  hence  the  formula  - 

sn 

becomes  in  this  case 

sin  z       . 

:  =  tan  z  =  n. 

cos  I 

This  law,  established  by  Brewster,  may  be  stated  as  follows: 

The  angle  of  incidence  for  maximum  polarization  is  that  angle  whose  tangent 
is  the  index  of  refraction  of-the  reflecting  substance.  For  crown  glass  this  angle 
is  about  57^  (see  Fig.  533).  If  Ught  suffers  repeated  reflections  from  a  series 
of  thin  glass  plates,  the  polarization  is  more  complete,  though  its  intensity  is 
weakeneid.    MetaUic  surfaces  polarize  the  light  very  slightly. 

339.  Polarization  by  Double  Refraction.  —  When  light  in  passing 
through  a  crystalline  medium  is  doubly  refracted  (Art.  332)  or  divided  into 
two  sets  of  waves,  it  is  always  true  that  both  are  completely  polarized  and  in 
planes  at  right  angles  to  each  other.  This  subject  can  only  be  satisfactorily 
explained  after  a  full  discussion  of  the  properties  of  anisotropic  crystalline 
media,  but  it  may  be  alluded  to  here  since  this  principle  gives  the  most  satis- 
factory method  of  obtaining  polarized  light.  For  this  end  it  is  necessary  that 
one  of  the  two  wave-systems  should  be  extinguished,  so  that  only  that  one 
due  to  a  single  set  of  vibrations  is  transmitted.  This  is  accomplished  by 
natural  absorption  in  the  case  of  tourmaline  plates  and  by  artificial  means  in 
the  nicol  prisms  of  calcite. 

340.  Polarized  Light  by  Absorption.  —  Light  passing  through  a 
strongly  colored  but  transparent  thin  section  of  a  tourmaline  crystal  —  the 
section  being  cut  parallel  to  the  vertical  crystallographic  axis  —  will  be  almost 
completely  polarized.  This  can  be  easily  demonstrated  in  the  following  way. 
Select  a  polished  floor  surface,  or  a  table  top  and  stand  in  such  a  position  that 
light  from  a  window  is  reflected  from  the  polished  wood  to  the  eye.  Look  at 
this  reflected  light  through  the  tourmaline  section,  holding  it  first  with  the 
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direction  of  the  c  crystal  axis  in  a  horizontal  position  and  then  turning  the 
section  until  the  c  axis  becomes  vertical.  The  light  passing  into  the  tour- 
maline section  is  in  considerable  part  polarized  through  its  reflection  from 
the  wood  surface  and  possesses  a  horizontal  vibration  direction.  It  will  be 
noted  that  when  the  c  axis  of  the  tourmaUne  is  horizontal  the  section  readily 
transmits  light  but  when  this  axis  is  vertical  the  section  becomes  practically 
opaque.  The  crystal  structure  of  the  tourmaline  is  such  that  light  entering 
it  is  broken  up  into  two  rays  (i.e.,  it  is  doubly  refracted),  one  of  which  has  its 
vibrations  parallel  to  the  c  axis,  while  the  vibrations  of  the  other  he  in  the 
plane  of  the  horizontal  crystal  axes.  From  the  foregoing  experiment  it  is 
obvious  that  the  light  vibrating  parallel  to  the  c  axis  is  readily  transmitted  by 
the  crystal  but  that  the  other  ray,  vibrating  in  the  horizontal  axial  plane,  is 
almost  completely  absorbed.  Under  these  conditions  it  is  clear  that  the  trans-  , 
mitted  Ught  belongs  almost  wholly  to  one  ray,  the  vibrations  of  which  take 
place  in  a  single  direction.  In  other  words,  the  light  transmitted  by  such  a 
tourmaline  section  is  polarized. 

If  two  such  sections  of  tourmaline  are  available  it  is  instructive  to  make 
the  following  experiment  ^th  them.  Place  them  together,  first  with  their 
c  axes  parallel  to  each  other,  and  then  turn  one  section  upon  the  other  until 
these  axes  are  at  right  angles  to  each  other.  In  the  first  case,  the  Ught  comes 
through  the  sections  because  the  vibration  planes  of  the  transmitted  rays  in 
the  two  sections  are  parallel  to  each  other.  In  the  second  case,  all  light  is 
cut  off  because  now  these  two  vibration  planes  are  at  right  angles  to  each 
other,  the  light  that  did  get  through  the  first  section  being  wholly  absorbed 
in  the  second. 

341.  Polarized  Light  by  Double  Refraction.  —  Calcite,  as  already  stated 
in  Art.  332,  possesses  in  an  unusual  degree  the  power  to  doubly  refract  light. 
If  we  take  a  cleavage  block  of  clear  calcite  (Iceland  spar)  and  look  at  an  image 
through  it,  such  as  a  dot  or  line  drawn  on  a  piece  of  paper,  the  image  will  appear 
double.  If  we  take  a  card  and  make  in  it  a  pinhole,  place  the  card  upon 
one  face  of  a  cleavage  rhombohedron  and,  looking  through  the  calcite,  hold 
it  up  against  a  source  of  light,  we  will  observe  two  bright  dots.  Now  if  we 
look  in  the  same  way  at  the  light  reflected  from  a  polished  wooden  surface, 
as  described  in  the  preceding  article,  we  will  find  that  when  a  line  bisecting 
the  acute  angles  of  the  rhombic  face  of  the  cleavage  block  is  horizontal  one  of 
these  images  is  bright  while  the  other  is  almost  invisible.  If  we  then  turn 
the  block  so  that  the  line  bisecting  the  obtuse  angles  of  the  rhombic  face  is 
horizontal  the  first  image  will  fade  while  the  second  becomes  bright.  Remem- 
bering that  the  light  reflected  from  the  polished  wooden  surface  is  largely 
polarized  with  a  horizontal  vibration  direction,  it  becomes  evident  from  this 
experiment  that  the  two  rays  into  which  the  light  is  broken  up  in  passing 
through  the  calcite  are  polarized  and  that  their  planes  of  vibration  are  at 
right  angles  to  each  other  and  respectively  bisect  the  angles  of  the  rhombic 
face  of  the  cleavage  block.  As  the  double  refraction  of  calcite  is  strong,  it 
follows  that  the  indices  of  refraction  of  the  two  rays  show  considerable  differ- 
ences. This  fact  is  taken  advantage  of  in  constructing  a  prism  from  calcite 
in  such  a  way  as  to  wholly  eliminate  one  of  these  rays  and  so,  as  only  the  other 
ray  can  come  through  the  prism,  effectively  polarizing  the  light  that  emerges. 

The  prism  referred  to  above  is  called  the  Nicol  Prism  or  simply  the  nicoL 
A  full  explanation  of  the  nicol  cannot  be  made  at  this  time,  as  there  would  be 
required  a  knowledge  of  the  optical  properties  of  hexagonal  ci^stals,  but  a 
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deecription  may  be  given  enabling  one  to  understand  its  construction  and 
uses.  In  Fig.  534  is  represented  a  cleavage  rhombohedron  of  calcite  with  its 
edges  vertical.  Let  d  represent  a  point  of  light  underneath  the  rhombo- 
hedron. Light  coming  from  d  will  be  broken  into  two  rays  whose  paths 
through  the  rhombohedron  are  shown  BH  5M 

by  the  lines  o  and  e.  Ab  shown  above, 
these  two  rays  are  polarized,  with 
vibration  directions  as  indicated  by 
the  double  arrows  in  the  top  view  in 
Fig.  534,  In  the  construction  of  a 
nicol,  the  top  and  bottom  surfaces  of 
such  a  cleavage  rhombohedron  are 
ground  and  polished  so  that  they 
make  angles  of  68°  with  the  vertical 
edges.  "Hien  the  block  is  cut  in  two 
along  the  diagonal  a-f,  as  shown  in 
f^g.  535.  These  two  surfaces,  after 
beajig  polished,  are  cemented  together 
by  means  of  a  thin  layer  of  Canada 
balsam.  Let  us  assume  that  a  ray  of 
light  enters  the  prism  from  below,  as 
shown  in  Fig.  535.  It  is  broken  up 
into  the  rays  o  and  e.  The  ray  o 
travels  with  the  slower  velocity,  has 
therefore  the  higher  index  of  refraction, 
and  shows  a  greater  deviation  from 
the  original  path.  The  Canada  balsam 
has  a  lower  index  of  refraction  than  ray  o,  which,  therefore,  when  it  strikes  the 
layer  of  balsam,  is  attempting  to  pass  from  an  optically  dense  into  a  rarer 
medium.  The  construction  of  the  prism  is  such  that  this  ray  meets  the  layer  of 
balsam  at  an  angle  greater  than  the  critical  angle  for.this  optical  combination 
and  suffers  therefore  total  reflection  toward  the  side  of  the  prism,  and  will 
be  absorbed  by  whatever  fastening  holds  the  nicol.  The  second  ray  e 
passes  through  the  prism  with  almost  no  deviation  frem  its  original  course. 
Its  index  of  refraction  and  that  of  the  Canada  balsam  are  nearly  the  same, 
hence  the  ray  suffers  almost  no  deflection  at  this  point  and  passes  out  of  the 
upper  face  of  the  prism.  The  light,  therefore,  that  emerges  from  a  nicol 
belongs  wholly  to  one  ray  and  is  all  vibrating  parallel  to  the  shorter  diagonal 
of  the  rhombic  end  surface.  It  should  be  noted,  however,  that  some  prisms 
are  made  in  a  different  way  and  that  the  above  statement  concerning  the 
plane  of  vibration  of  the  light  emerging  from  the  prism  may  not  always  hold 
true.  It  is  always  wise  to  test  the  plane  of  vibration  of  a  nicol  by  looking 
through  it  at  the  floor  or  a  table  top  as  previously  described.  The  piism  will 
show  bright  when  its  plane  of  vibration  is  horizontal,  thus  corresponding  to 
the  plane  of  vibration  of  the  reflected  light. 

312.  Polariscope.  Polarizer.  Analyzer.  —  The  combination  of  two 
nicob,  or  other  polarizing  contrivances,  between  which  transparent  mineral 
sections  may  be  examined  in  polarized  light  is  called,  in  general,  a  polariacope; 
the  common  forms  of  which  are  described  later.  In  any  polariscope  the  lower 
prism,  or  other  contrivance,  which  polarizes  the  light  given  from  the  outside 
source  is  called  the  ■polarizer;  the  upper  prism  is  the  analyser.     If  these  prisms 
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have  their  vibration-planes  at  right  angles  to  each  other,  they  are  said  to  be 
crossed;  the  incident  light  polarized  by  the  polarizer  will  then  be  extinguished 
by  the  analyzer;  briefly,  under  these  conditions  it  is  said  to  suffer  extinction^ 

343.  Interference  of  Plane-polarized  Waves.  Interference  Colors.  — 
When  sections  of  doubly  refracting  minerals  are  examined  in  polarized  light 
certain  interference  effects  are  commonly  obtained  that  are  of  great  impor- 
tance. As  shown  in  Art.  341,  calcite  when  it  doubly  refracts  light  also  polarizes 
the  two  rays  and  in  planes  that  are  at  right  angles  to  each  other.  In  general, 
this  is  true  of  sections  of  doubly  refracting  minerals.  Consider,  then,  what 
takes  place  when  a  general  section  of  a  doubly  refracting  mineral  is  placed  in 
a  polariscope  between  the  polarizer  and  analyzer  the  planes  of  vibration  of 
which  are  at  right  angles  to  each  other.  In  Fig.  536  let  the  rectangular  out- 
line represent  such  a  section.  The  double  arrows  marked  o  and  e  show  the 
two  possible  directions  of  vibration  of  light  in  the  section.  The  direction 
P-P'  represents  the  plane  of  vibration  of  hght  which  emerges  from  the  polar- 
izer below  and  A- A'  shows  the  direction  in  which  light  must  vibrate  when  it 
emerges  Irom  the  analyzer  above.  In  the  first  case  to  be  considered  the 
directions  o  and  e  are  taken  as  parallel  to  P-P'  and  A-A'  respectively.  The 
light  thkt  enters  the  section  from  below  must  all  vibrate  parallel  to  the  direc- 
tion P-P\  It  enters  the  mineral  section  and  must  vibrate  there  as  the  ray 
labeled  o.  There  will  be  no  ray  in  the  mineral  vibrating  parallel  to  the  direc- 
tion 6,  as  a  vibration  parallel  to  o  cannot  be  resolved  into  another  at  right 
angles  to  it.  The  light  will  leave  the  section,  therefore,  still  vibrating  parallel 
to  P-P'  and  enter  the  analyzer  above.  It  will,  however,  be  entirely  reflected 
in  the  analyzer  at  the^layer  of  balsam  since  only  light  vibrating  parallel  to  A-A\ 
which  is  at  right  angles  to  P-P\  can  emerge  from  the  analyzer.  Consequently, 
when  such  a  section  has  its  planes  of  vibration  parallel  to  those  of  the  polar- 
izer and  analyzer,  the  section  will  appear  dark.  The  same  reasoning  holds 
true  when  the  section  is  turned  to  a  position  at  90°  from  the  first.  Con- 
sequently with  such  a  section  there  are  four  positions  at  90®  to  each  other 
in  which  it  appears  dark  during  its  complete  rotation  upon  the  stage  of  the 
polariscope.    At  such  positions  the  section,  is  said  to  be  extinguished. 
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Next  consider  what  happens  when  the  vibration  directions  of  the  section 
are  at  oblique  angles  to  those  of  the  polarizer  and  analyzer.  In  Fig.  537 
let  o  and  e  represent  the  directions  of  vibration  in  a  section  which  makes  some 
oblique  angle. with  the  directions  P-P'  and  A-A',  In  Fig.  53SA  let  the  line 
P-P'  represent  the  direction  and  amplitude  of  the  vibration  of  the  light  enter- 
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ing  the  tnineral  section  having  come  through  the  polarizer  below.  The  light 
must  vibrate  in  the  mineral  in  directions  parallel  to  o  and  e,  Fig.  537.  The 
vibration  P-P'  will  therefore  be  resolved  into  two  vibrations  at  right  angles 
to  each  other  which  will  be  parallel  respectively  to  o  and  e.  In  Fig.  S3SA  the 
lines  o  and  e  representing  the  direction  and  ampUtudes  of  such  vibrations  are 
found  by  the  application  of  the  principle  of  the  parallelogram  of  forces.  The 
two  rays  emerge  from  the  mineral  section  vibrating  in  these  two  planes  and 
enter  the  analyzer  above.  Since  the  planes  of  vibration  in  the  analyzer  are 
parallel  to  A- A'  and  P-P'  these  two  rays  o  and  e  will  resolve  each  into  two 
new  rays  which  will  vibrate  now  parallel  to  A- A'  and  P-P\  The  two  rays 
labeled  P  and  P'  in  Fig.  538B  will  be  absorbed  by  the  analyzer  but  the  rays 
marked  A  and  A'  will  emerge  and  meet  the  eye.  The  section  in  this  position, 
therefore,  will  be  illuminated.  Consequently  the  section  will  be  illuminated 
in  all  possible  positions  in  which  the  directions  of  vibration  of  the  light  in  the 
mineral  make  inclined  angles  with  the  directions  of  vibration  of  the  polarizer 
and  analyzer.  It  is  easy  to  prove  that  this  illumination  will  be  at  its  maxi- 
mum when  the  angle  between  the  directions  o  and  e  and  A- A'  and  P-P*  is 
45^.  In  addition  to  being  illimiinated,  the  section,  if  thin,  will  also  be  colored. 
This  interference  color,  as  it  is  called,  of  mineral  sections  when  examined  in 
a  polariscope,  now  needs  explanation. 

The  amount  of  refraction  which  any  ray  of  light  suflfers  on  entering  a 
mineral  depends  upon  two  things,  namely,  the  angle  of  incidence  at  which  the 
light  enters  and  the  index  of  refraction  of  the  mineral.  In  the  case  of  a  doubly 
refracting  mineral  we  have  a  light  ray  entering  the  section  at  a  given  angle  of 
incidence  and  then  being  broken  up  into  two  polarized  rays  which  have  diflFer- 
ent  angles  of  refraction  and  so  travel  different  paths.  Consequently  the 
indices  of  refraction  for  these  rays  must  be  different  and  from  this  it  follows 
that  the  two  rays  must  have  different  velocities  and  will  therefore  emerge 
from  the  mineral  in  different  phases.  Light  waves  having  different  phases 
will  in  a  greater  or  less  d^ree  interfere  with  each  other  and  in  case  of  light  of 
certain  wave-lengths,  t.6.,  light  of  some  particular  color,  the  interference  may 
lead  to  extinguishment  of  that  particular  wave-length.  If  one  particular 
color  is  subtracted  in  this  way  from  white  light  the  result  will  be  to  produce 
the  complementary  color  and  under  such  conditions  the  section  will  no  longer 
be  white  but  colored.  The  color  of  thin  sections  of  minerals  when  seen  under 
the  polariscope  is  known  as  their  interference  color.  To  develop  this  subject 
further  use  will  be  made  of  an  accessory  of  the  microscope  known  as  the 
Quartz  Wedge. 

The  Quartz  Wedge  consists  simply  of  a  very  thin  tapering  wedge  the  faces 
of  which  are  approximately  parallel  to  the  prism  of  a  quartz  crystal.  It  is 
mounted  on  a  narrow  glass  plate,  Fig.  539,  A.  The  plate  is  generally  marked 
with  the  letter  Q  (quartz)  and  with  an  arrow.  If  the  wedge  is  cut,  as  is 
usually  the  case,  with  its  longer  direction  at  right  angles  to  the  vertical  axis 
of  a  quartz  crystal,  the  arrow  is  marked  X  (or  a),  which  indicates  that  of  the 
two  directions  of  vibration  of  light  in  the  wedge  the  one  which  is  parallel  to 
this  direction  is  that  of  the  ray  which  is  propagated  with  greater  velocity. 
Some  wedges  are  cut  with  their  longer  direction  parallel  to  the  vertical 
axis  of  quartz,  and  the  arrow  in  this  case  would  be  marked  Z  (or  c),  which 
indicates  that  this  is  the  direction  of  vibration  of  the  slower  ray.  It  is  abso- 
lutely essential  that  the  optical  orientation  of  the  wedge  be  known. 

The  quartz  wedge  furnishes  a  prismatic  section  of  varying  thickness  and 
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of  known  orientation  and  may  be  used  to  study  the  effects  of  polarized  light 
on  plates  (short  sections  of  the  wedge)  of  different  thicknesses.  Take  the 
simplest  form  of  polariscope,  a  combination  of  polarizer  and  analyzer  without 
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lenses,  and  arrange  it  so  that  the  vibration  planes  of  the  instrument  are  crossed. 
Illuminate  with  ordinary  light  and  on  the  stage  of  the  instrument  place  a 
quartz  wedge  with  its  X  direction  parallel  to  the  plane  of  vibration  of  the 
polarizer.  The  light  in  entering  the  quartz  will  vibrate  parallel  to  the"X 
direction  and  without  changing  its  plane  of  vibration  will  pass  through  the 
quartz  and  up  into  the  upper  nicol  where  it  will  suffer  total  reflection.  Hence 
the  wedge  in  this  position  will  appear  dark  throughout  its  length.  A  similar 
result  will  be  obtained  when  the  X  direction  of  the  wedge  is  placed  parallel 
to  the  vibration  plane  of  the  analyzer.  But  if  the  wedge  is  turned  so  that  its 
X  direction  makes  an  angle  of  about  45°  with  the  plane  of  vibration  of  the 
polarizer  the  wedge  will  exhibit  a  series  of  beautiful  interference  colors, 
arranged  in  transverse  bands,  the  nature  of  which  will  be  discussed  in  a  later 
paragraph.  If  the  wedge  is  turned  from  this  45°  position  the  colors  become 
less  and  less  brilliant  as  the  position  of  extinction  is  neared.  , 

As  preliminary  to  another  experiment,  paste  a  narrow  strip  of  paper, 
P-Py  Fig.  539,  B,  on  the  top,  but  to  one  side,  of  a  quartz  wedge.  Place  this 
on  the  stage  of  a  polariscope  (without  lenses)  and  illuminate  with  diffused 
sodium  light.  When  the  wedge  is  examined  under  these  conditions  it  will  be 
found  that  it  shows  extinction  when  its  vibration  directions  are  parallel  to 
those  of  the  polariscope  but  at  the  45°  position  it  will  show  transverse  dark 
bands  upon  a  yellow  field.  The  number  of  these  bands  will  depend  upon  the 
thickness  of  the  wedge;  usually  there  will  be  two  or  three,  although  for  this 
experiment  it  is  interesting  to  have  a  longer  and  proportionally  thicker  wedge 
than  those  commonly  supplied,  so  as  to  have  more  bands  appearing.  Mark 
on  the  strip  of  paper  the  position  of  each  band,  as  illustrated  in  Fig.  ^9,  B  and 
number  them,  starting  at  the  band  nearest  the  thinner  end  of  the  wedge.  The 
number  1  band  marks  the  place  where  the  faster  of  the  two  rays,  into  which 
the  quartz  breaks  up  the  sodium  light,  has  gained  exactly  one  wave  length  in 
its  phase  over  the  slower  ray.  At  the  point  marked  2  the  gain  is  two  wave- 
lengths, etc. 

In  explaining  the  phenomenon  just  described,  reference  is  made  to  Pig. 
640  in  which  it  is  assumed  that  P-P'  is  the  plane  of  the  polarizer  and  A-A' 
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is  the  plane  of  the  analyser,  and  a  quartz  wedge  is  between  them  at  such  an 
im^e  that  the  direction  of  the  vertical  crystal  axis  lies  parallel  to  C-C\  If  we 
explain  the  action  of  light  in  the  wedge  in  a  purely  mechanical  way  we  may  say, 
let  the  amplitude  of  vibration  of  an  ether  particle  before  the  light  has  entered 
the  wedge  be  represented  in  the  figure  by  the  line  O-^,  The  vibration  may  be 
likened  to  that  of  a  pendulum)  swinging  back  and  forth  from  p  to  p^  If  the 
impact,  or  disturbance,  of  an  ether  particle  is  commimicated  to  the  ether 
particles  of  the  quartz  when  it  is  at  0  at  the  middle  of  an  oscillation  from 
p  to  p\  there  will  result  two  disturbances,  one  to  r  parallel  to  C-C^  and  the 
other  to  9  at  right  angles  thereto.  The  amplitude  of  the  vibrations  repre- 
sented by  0-r  and  Cha  are  determined  by  the  parallelogram  of  forces,  as  indi- 
cated by  the  dotted  lines  in  the  figure^  During  the  passage  of  these  two  rays 
through  the  quartz  the  one  whose  vibrations  are  represented  by  a-sf  travels 
the  faster  and  it  is  assumed  that  the  thickness  of  the  quartz  wedge  at  the  place 
under  consideration  is  such  that,  on  emerging,  this  ray  is  just  one  wave-length 
ahead  of  the  one  whose  vibrations  are  parallel  to  r-V .  Now,  when  one  ray  is 
exactly  one  wavelength  ahead  of  another  (it  may  be  two,  three  or  any  exact 
number  of  wavelengths)  the  conditions  are  such,  that,  at  the  middle  of  the 
vibration,  when  an  ether  particle  of  the  ray  a-a'  is  just  starting  from  0  to  a, 
an  ether  particle  of  the  ray  r-V  will  be  just  starting  from  0  to  r.  Now  con- 
sider the  effects  produced  by  the  simultaneous  impacts  in  the  directions  0  to 
a  and  0  to  r  upon  the  ether  particles  of  the  calcite  constituting  the  analyzer. 
A*  vibration  from  a'  to  a  acting  at  0  will  displace  the  ether  particles  of  the 
calcite  to  <r  and  <r\  Likewise  a  vibration  from  /  to  r  acting  at  0  will  displace 
the  ether  particles  to  p  and  p'.  Two  of  these  resulting  disturbances,  namely 
O-tr'  and  0-p\  are  easily  disposed  of,  for  being  in  the  plane  P-P'  their  effects 
cannot  pass  beyond  the  layer  of  Canada  balsam  in  the  nicol.  The  other  dis- 
turbances 0-<r  and  0-p  are  both  in  the  plane  A-A'  and  can  emerge  from  the 
nicol,  but  since  the  ether  particles  at  Oare  acted  upon  simultaneously  by  forces 
of  equal  magnitude  acting  in  opposite  directions  no  disturbance  can  take 
place  and  imder  these  conditions  the  section  is  dark.     From  the  above  it 
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follows  that,  when  a  section  of  a  doubly  refracting  mineral  is  observed  be- 
tween crossed  nicols  with  its  vibration  planes  mddng  some  oblique  angle 
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with  the  vibration  planes  of  the  nicols,  complete  interference  will  take  place 
for  some  particular  wave-length  of  Ught  whenever  the  two  polarized  rays 
corresponding  to  this  color  emerge  from  the  section  in  the  same  phase. 

It  is  well  to  consider  next  the  effects  that  result  when,  with  the  planes  of 
vibration  of  the  nicols  crossed,  Ught  travels  through  such  thicknesses  of  the 
quartz  wedge  that  one  ray  gains  ^,  |,  or  some  other  half  wave-length  over  the 
second  ray.  Let  it  be  supposed,  Fig.  541,  that  at  0,  the  middle  of  an  oscilla- 
tion from  p  to  p',  the  impact  is  communicated  to  the  ether  particles  of  a 
quiartz  section  the  vertical  crystal  axis  of  which  lies  parallel  to  the  direction 
C-C'.  There  will  result  two  disturbances  in  the  quartz,  one  from  0  to  r  and 
the  other  from  0  to  s.  After  traversing  the  section  the  phases  of  the  two  rays 
differ  by  one  half  wave-length  so  that  when  the  direction  of  the  first  oscilla- 
tion is  from  0  to  r,  that  of  the  other  will  be  from  0  to  s'.  The  impulse  O-r 
gives  rise  in  the  analyzer  to  two  disturbances  0-p  and  0-p\  The  impulse 
Chs'  results  in  the  two  displacements  0-<r  and  0-<r'.  Of  these  distiu'bances 
Chp'  and  0-<y'  do  not  extend  beyond  the  layer  of  Canada  balsam  of  the  analyzer, 
while  0-p  and  O-o-,  both  of  equal  magnitude  and  vibrating  in  the  plane  A-A', 
are  additive  and  give  rise  to  a  distiu*bance  and  the  sensation  of  Ught.  Hence, 
in  the  experiment  with  the  quartz  wedge  in  sodium  Ught,  there  are  areas  of 
Ught  between  the  dark  bands,  Fig.  539,  B. 

An  instructive  experiment  with  the  wedge  should  also  be  tried  with 
sodium  light  iUumination  but  with  the  planes  of  vibration  of  the  polari- 
scope  parallel  to  each  other  instead  of  crossed  as  in  the  previous  cases. 
If  Ught  traverses  such  a  thickness  of  quartz  that,  on  emerging,  one  ray 
has  gained  one  half  of  a  wave-length  over  the  other  the  conditions  up  to 
the  time  the  vibrations  enter  the  analyzer  wiU  be  the  same  as  in  the 
previous  case.  The  vibrations,  however,  which  can  now  pass  through 
the  analyzer  result,  Fig.  542,  from  the  disturbances  0-p'  and  O-a',  and  these 
acting  on  an  ether  particle  in  opposite  directions  but  with  unequal  force  would 
produce  a  disturbance  in  the  direction  O-p'  and,  therefore,  give  rise  to  the 
sensation  of  Ught.  A  wedge  with  the  direction  of  the  vertical  crystal  axis 
about  parallel  to  C-C'  wiU  appear  yellow  throughout  its  entire  length.  This 
wiU  not  be  the  case,  however,  if  the  wedge  is  turned  sq  that  the  vertical  axis 
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makes  an  angle  of  45   with  the  plane  of  polarization.  Fig.  543,  for  then  the 
forces  acting  upon  an  ether  particle  at  O  are  0-p'  and  0-<r,  which,  being  equal 
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and  in  opposite  directions,  will  neutralize  each  other  and  therefore  will  not 
produce  any  sensation  of  light.  A  wedge  in  the  45°  position  will  therefore 
show  a  series  of  dark  bands,  the  first,  starting  from  the  thin  end  of  the  wedge, 
being  where  one  ray  has  gained  J  wave-length,  the  second  where  it  has  gained 
f  wave-lengths,  etc.,  over  the  second  ray.  In  Fig.  539,  B,  the  positions  of  the 
bands  in  this  experiment  are  indicated  by  the  crosses  marked  on  the  strip  of 
paper  pasted  upon  one  side  of  the  quartz  wedge.  The  lines  and  crosses  on 
this  paper  strip  indicating  gains  of  whole  and  one  half  wave-lengths  for  yellow 
light  may  now  serve  as  starting  points  for  further  considerations. 

For  the  next  experiment  use  a  microscope  with  crossed  nicols,  a  number  3  or 
4  objective,  and  illuminate  with  ordinary  light;  place  the  wedge  in  the  45° 
position  and  focus  on  that  part  of  it  opposite  the  first  line  drawn  on  the  paper 
strip.  The  field  will  show  at  its  center  a  blue  color,  about  at  the  point  where 
it  is  beginning  to  merge  into  red.  A  moment's  consideration  will  indicate 
what  this  color  really  is.  It  is  a  mixture  of  all  colors  of  the  spectrum  except 
yellow.  That  this  is  the  case  may  be  proved  by  analyzing  the  blue  by  means 
of  a  small  direct-vision  spectroscope.  This  will  show  a  spectrum  through 
which  runs  a  dark  band  between  the  red  and  green,  that  is,  where  the  yellow 
would  normally  appear.  The  blue  of  the  wedge  at  this  point  is  therefore  the 
complement  of  yellow,  which  has  been  made  to  disappear  by  interference. 
Next  focus  the  microscope  on  the  wedge  opposite  the  second  line.  Here  the 
color  will  be  nearly  a  sky  blue,  with  perhaps  a  tinge  of  green.  Upon  analysis 
with  the  spectroscope  again  a  dark  band  wiH  be  found  in  the  yellow,  this  time 
due  to  interference  brought  about  by  a  difference  in  phase  of  two  wave-lengths 
for  sodium  light.  Proceeding  next  to  opposite  the  third  line  the  color  will 
be  found  to  be  a  light  green,  which  on  analysis  shows  a  band  where  yellow 
should  occur  and  a  perceptible  shortening  of  the  spectrum,  especially  by  cut- 
ting off  the  extreme  blue  and  violet.  Opposite  the  fourth  line  the  color  would 
be  a  very  pale  green  which  upon  analysis  with  the  spectroscope  would  show 
two  dark  bands,  one  in  the  yellow  and  another  in  the  blue.  The  pale  green 
color  is  therefore  due  to  a  mixture  of  red,  green,  and  violet.  If,  in  the  origpal 
exx)eriinent  the  wedge  had  been  illuminated  by  a  monochromatic  blue  light 
it  would  have  been  found  at  the  thicker  end  of  the  wedge,  where  the  fourth 
band  for  yellow  light  was  located,  there  would  have  been  a  fifth  band  for  the 
blue  light.  Consequently  the  interference  color  at  this  point  of  the  wedge  is 
equivalent  to  white  light  from  which  both  yellow  and  blue  have  been  sub- 
tracted. If  a  wedge  of  extra  length  was  available  for  study  it  would  have  been 
noted  that  opposite  the  eighth  band  for  sodium  light  the  color  showing,  when 
the  wedge  is  studied  in  the  polarizing  microscope,  was  white.  This  upon 
analysis  would  show  a  spectrum  crossed  by  bands  in  the  red,  yellow,  green,  and 
blue.  In  other  words,  in  traversing  the  thickness  of  the  quartz  at  this  point, 
the  faster  ray  has  gained  for  red  seven  wave-lengths  over  the  slower  ray,  for 
yellow  eight,  for  green  nine,  for  blue  ten.  The  white  polarization  effect 
seen  when  looking  at  this  point  with  the  microscope  is  known  as  white  of  the 
higher  order.  It  is  a  mixture  of  the  several  primary  colors  of  the  spectrum, 
some  portions  of  all  of  which  are  present  and  combine  to  give  the  effect  of  white. 

It  is  important  to  study  carefully  the  polarization  colors  of  the  quartz 
wedge  imder  the  microscope,  using  Fig.  544  as  a  guide.  It  will  be  noted  that 
the  colors  occur  in  general  in  the  following  order  as  the  thickness  of  the  quartz 
increases:  violet,  blue,  green,  yellow,  orange,  red.  This  sequence  of  colors  is 
repeated  quite  distinctly  three  times  and  then  as  the  thicker  end  of  the  wedge 
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is  approached  the  colors  become  fainter  and  not  so  clear.    This  series  of 
interference  colors  is  divided  into  orders  as  indicated  in  Fig.  544.     It  is  to  be 
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noted  that  at  the  very  thin  end  of  the  wedge  before  any  interference  can  have 
taken  place  the  color  is  white.  Also  the  thicker  end  of  the  wedge  is  white 
because  here  there  is  an  overlapping  of  the  various  points  of  interference  of 
the  different  colors.  The  thickness  of  the  wedge  at  the  different  points  is 
given  in  millimeters  in  Fig.  544. 

344.  Sensitive  Tint.  —  Among  the  accessories  of  the  polarizing  micro- 
scope is  a  thin  plate  of  gypsum  mounted  between  two  plates  of  glass.  •  It  is 
commonly  marked  S.  T.  and  also  with  an  arrow  marked  either  X  (o)  or  Z  (t), 
indicating  respectively  the  direction  of  vibration  of  the  fasler  or  slower  ray. 
If  this  is  placed  on  the  microscope  stage  in  the  45^  position  with  the  nicols 
crossed,  the  interference  color  shown  is  reddish  violet,  the  same  as  that  close 
to  the  red  of  the  first  order  of  the  quartz  wedge.  It  is  an  interesting  experi- 
ment to  first  put  a  quartz  wedge  under  the  microscope  and  focus  on  the  red- 
violet,  just  beyond  the  red  of  the  first  order  and  then  cover  it  with  the  sensi- 
tive tint  arranged  in  such  a  way  that  its  X  direction  is  at  right  angles  to  the 
X  direction  of  the  quartz  wedge.  The  resulting  color  will  be  gray.  The 
explanation  of  this  is  simple.  \^atever  gain  the  faster  ray  had  msde  over  the 
slower'  in  passing  through  the  quartz  has  been  overcome  or  neutralized  by 
passing  through  a  layer  of  gypsum  of  opposite  optical  orientation*and  of  suit- 
able thickness  to  produce  the  same  interference  as  the  quartz.  The  name 
Sensitive  TirU  is  given  to  this  gypsum  plate  because  a  slight  increase  of  the 
double  refraction  which  it  shows  will  give  a  blue  color  while  a  corresponding 
slight  decrease  will  change  the  color  to  yellow.  Numerous  uses  of  the  sensi- 
tive tint  will  be  given  in  subsequent  articles. 

346.  Interference  Colors  of  Mineral  Sections.  —  The  interference  col- 
ors of  mineral  sections  depend  upon  three  things. 

1.  On  the  strength  of  the  birefringence  of  the  mineral,  or  in  other  words 
upon  the  amount  of  double  refraction  that  the  mineral  shows.  The  greater 
the  birefringence  the  higher  the  order  of  interference  color,  the  other  icSuenc- 
ing  factors  remaining  constant. 

2.  The  thickness  of  the  section.  The  thicker  the  section  the  greater  will 
be  the  amount  of  double  refraction  and  consequently  the  higher  the  order  of 
the  interference  color. 
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3.  The  crystallographic  orientation  of  the  section.  This  will  be  explained 
later  when  the  optical  characters  of  the  different  crystal  systems  are  described. 

346.  Determination  of  the  Order  of  the  Interference  Color  of  a  Min- 
eral Section.  —  It  is  often  important  to  determine  to  which  order  (see  last 
paragraph  of  Art.  343)  the  interference  color  of  a  given  section  belongs.  If, 
as  is  often  the  case,  the  section  has  somewhere  a  tapering  wedge-Uke  edge,  the 
successive  bands  of  color  shown  there  can  be  counted  and  the  order  of  the 
color  of  the  surface  of  the  section  determined.  In  other  words  the  order  of 
the  color  can  be  told  in  the  same  way  as  upon  the  quartz  wedge  itself.  If 
such  an  edge  cannot  be  found  the  quartz  wedge  is  used  as  described  below. 

Suppose  a  certain  mineral  section  showed  an  interference  color  of  orange- 
red  and  it  was  desired  to  ascertain  whether  this  color  belonged  to  the  first  or 
second  order.  Under  the  microscope  with  crossed  nicols  find  a  position  of 
extinction  of  the  section  and  then  turn  it  upon  the  stage  of  the  microscope 
through  an  angle  of  45^.  By  doing  this  the  vibration  directions  of  the  section 
are  brought  into  such  a  position  that  they  make  angles  of  45°  with  the  vibra- 
tion directions  of  the  polarizer  and  analyzer.  Then  insert  above  the  section 
and  below  the  analyzer  a  quartz  wedge,  the  optical  orientation  of  which  is 
known.  A  slot  running  through  the  microscope  tube  just  above  the  objective 
and  making  an  angle  of  45°  to  the  cross-hairs  is  provided  for  this  purpose. 

Under  these  conditions  there  are  two  possibilities.  Either  the  optical 
orientation  of  the  section  and  the  quartz  wedge  agree;  t.e.,  the  X  direction  of 
the  section  is  parallel  to  the  X  direction  of  the  wedge,  or  these  two  directions 
are  at  right  angles  to  each  other.  The  effect  of  the  introduction  of  the  wedge 
above  the  section  will  be  either  to  increase  or  decrease  the  amount  of  double 
refraction  of  the  light  due  to  the  mineral  section.  If  the  double  refraction  is 
increased,  the  optical  effect  will  be  as  if  the  mineral  section  had  been  thickened 
and  in  this  case  its  interference  color  will  rise  in  its  order.  On  the  other  hand, 
if  the  double  refraction  of  the  light  is  decreased  by  the  introduction  of  the 
quartz  wedge  the  effect  will  be  as  if  the  mineral  section  had  been  thinned  and 
the  interference  color  will  fall  in  its  order.  In  the  first  case  the  red  interfer- 
ence color  of  the  section  would  be  changed  as  the  wedge  is  pushed  in,  first  to 
blue  and  then  to  green.  In  the  second  case  it  would  change  to  orange,  then 
to  yellow  and  green.  Arrange  the  section,  therefore,  so  that  upon  the  intro- 
duction of  the  quartz  wedge  the  interference  color  will  fall  in  its  order.  Then 
gradually  continue  to  push  in  the  wedge,  noting  the  successive  colors  that 
occur  as  the  amount  of  the  double  refraction  is  decreased.  Finally  the  point 
will  be  reached  where  the  thickness  of  the  wedge  will  give  practically  the  same 
amount  of  double  refraction  as  the  mineral  section.  The  two  having  oppo- 
site optical  orientations  the  result  will  be  to  eliminate  all  interference  and  a 
gray  color  of  the  first  order  will  result.  When  this  condition  arises  the  quartz 
wedge  is  said  to  compensate  the  mineral.  By  noting  the  succession  of  colors 
that  occurs  until  this  point  is  reached  the  order  of  the  original  color  of  the 
section  can  be  determined. 

347.  Determination  of  Strength  of  Birefringence.  —  The  birefringence, 
or  amount  of  double  refraction,  varies  with  different  minerals.  It  is  expressed 
numerically  by  a  figure  that  is  the  difference  between  the  greatest  and  least 
indices  of  refraction  of  a  given  mineral.  In  the  case  of  calcite,  for  instance, 
the  index  of  refraction  for  one  ray  is  r486  and  for  the  other  is  1*658.  The 
birefringence  of  calcite  therefore  equals  0*172.  This  is  much  higher  than  for 
most  minerals,  the  strength  of  the  birefringence  of  quartz  being  only  0*0091. 
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An  accurate  estimation  of  the  strei^h  of  the  birefringence  of  a  mineral  is  to 
be  made  only  by  determining  the  greatest  and  least  indices  of  refraction.  An 
approximate  determination,  however,  can  often  be  made  in  a  thin  section  under 
the  microscope.  The  order  of  the  interference  color  of  a  swtion,  as  stated  in 
Art.  316,  varieg  with  the  thickness  of  the  mineral,  its  crystallographic  orienta- 
tion and  the  strength  of  jts  birefringence.  If  the  first  two  factors  are  known 
the  birefringence  can  be  estimated  Hy  noting  the  interference  color  of  the 
section.  Fig,  545  will  aid  in  this  determination.  The  thickness  of  the  sec- 
tion is  shown  in  the  column  at  the  left.  The  strength  of  the  birefringence  is 
expressed  along  the  top  and  right-hand  aide  of  the  figure.  Suppose  that  a 
given  section  was  0'03  mm.  in  thickness  and  showed  an  orange-red  interference 
color  of  the  first  order.  By  following  the  diagonal  line  that  crosses  the  hori- 
zontal line  marked  0'03  S!in.  at  a  point  lying  in  the  middle  of  the  orange-red 
of  the  first  order  it  will  be  seen  that  the  birefringence  of  the  mineral  must  be 
about  0'015.  This  method  of  determining  birefringence  is  most  commonly 
used  in  the  case  of  minerals  observed  in  rock  sections.  In  the  case  of  the  best 
rock  sections  the  thickness  of  the  section  is  usually  about  003  to  004  mm. 
The  thickness  of  the  section  can  also  be  judged  from  the  interference  color 
shown  by  some  known  mineral,  like  quartz  or  feldspar,  which  is  to  be  observed 
in  the  section.  As  the  strength  of  the  birefringence  of  a  mineral  varies  with 
its  crystaHographic  orientation  it  is  necessary  always  to  look  over  the  rock 
section  and  use  in  the  observations  that  section  of  the  mineral  which  shows  the 
highest  order  of  interference  color.  The  birefringence  of  a  mineral  is  always 
HB 
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DeterminatioQ  of  the  Strength  of  UirefriDgence  (after  PirBson  and  Robinson) 
expressed  as  the  maximum  difference  between  the  indices  of  retraction.     Con- 
sequently, with  a  uniform  thickness,  such  as  is  obtained  in  a  rock  section,  that 
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section  of  a  mineral  which  shows  the  highest  order  of  interference  color  most 
nearly  approaches  the  proper  orientation  for  the  maximum  birefringence. 

The  order  of  the  interference  color  of  a  given  section  is  to  be  determined 
by  the  method  of  compensation  as  explained  in  Art.  346.  Special  quartz 
"wredges  are  made  with  scales  upon  them  giving  the  birefringence  produced  by 
the  varying  thicknesses  of  the  wedge.  If  such  a  wedge  is  available  it  is  only 
necessary  to  note  the  birefringence  corresponding  to  that  thickness  of  the 
quartz  which  produced  compensation.  This  will  obviously  equal  the  bire- 
fringence of  the  section  being  tested.  For  a  detailed  description  of  the  various 
wedges  and  compensators  used  for  this  purpose  the  reader  must  be  referred 
to  more  special  text-books.* 

348.  Determination  of  the  Relative  Optical  Character  of  the  Eztmc- 
tion  Directions  of  any  Section  of  a  Doubly  Refracting  Mineral.  —  It  fre- 
quently becomes  important  to  determine  which  of  the  two  rays  of  light  in  a 
doubly  refracting  mineral  is  being  propagated  with  the  greater  or  less  velocity; 
in  other  words,  to  determine  which  of  the  two  directions  of  vibration  corre- 
sponds to  the  X  and  which  to  the  Z  direction.  Place  the  given  section  under 
the  microscope  with  the  nicols  crossed.  Find  a  position  of  extinction  and  then 
turn  the  section  through  an  arc  of  45°  so  that  its  vibration  directions  make 
that  angle  with  the  planes  of  vibration  of  the  nicols.  If  the  section  in  this 
position  shows  a  strong  color  or  white  of  the  higher  order  the  quartz  wedge  is 
used.  The  optical  orientation  of  the  wedge  must  be  known,  i.e.,  which  are 
its  X  and  Z  directions.  The  wedge  is  then  pushed  through  the  slot  above  the 
objective  lens,  the  thin  end  of  the  wedge  being  introduced  first.  The  vibra- 
tion directions  of  the  wedge  and  the  section  -mill  now  coincide  and  the  effect 
of  the  gradual  introduction  of  the  wedge  above  the  mineral  will  be  to  slowly 
increase  or  decrease  the  birefringence  due  to  the  section.  The  result  will 
be  to  either  raise  or  lower  the  order  of  the  interference  color  obtained.  If  the 
X  directions  of  the  wedge  and  the  section  coincide  the  effect  will  be  additive 
in  character  and  the  color  will  rise  in  its  order.  If  the  optical  directions  of 
the  two  are  opposed  to  each  other  the  birefringence  is  decreased  and  the  color 
will  fall.  By  noting  which  effect  takes  place  the  X  and  Z  directions  of  the 
section  are  determined. 

In  this  use  of  the  quartz  wedge  the  following  precaution  must  be  observed. 
If  the  section  originally  showed  a  color  of  the  first  order  and  the  wedge  was 
introduced  in  the  opposed  position  the  effect  would  be  to  cause  the  color  to  fall 
rapidly  to  gray  of  the  first  order.  The  optical  effect  of  the  quartz  wedge  would 
thus  quickly  compensate  that  of  the  section.  From  this  point  on  as  the  quartz 
wedge  is  pushed  further  in,  the  optical  effect  of  the  wedge  will  more  and  more 
preponderate  over  that  of  the  section  and  the  interference  colors  will  now 
appear  in  ascending  order.  Under  these  conditions,  if  the  first  effect  of  the 
quartz  wedge  was  overlooked,  a  wrong  deduction  would  be  made.  It  is 
fidways  best  to  repeat  the  test  with  the  section  rotated  90°  from  the  first  posi- 
tion. The  two  results  should  be  of  opposite  character  and  so  serve  to  confirm 
each  other. 

Frequently  a  thick  section  of  a  mineral  will  show  a  tapering  edge  somewhere 
which  will  show  bands  of  color.  When  the  quartz  wedge  is  introduced  above 
the  section  these  color  bands  will  move,  either  toward  the  center  of  the  section, 

*  See  Johannsen,  Manual  of  Petrographic  Methods;  Wright,  The  Methods  of  Petio- 
graphic-Microscopic  Research. 
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or  go  off  toward  the  edge.  When  the  color  bands  move  up  on  the  section  it 
means  that  the  effect  of  the  quartz  wedge  is  such  that  a  thicker  part  of  the 
section  is  now  showing  the  same  interference  as  a  thinner  part  did  originaily. 
In  other  words,  the  result  is  as  if  the  section  had  been  thinned.  If  this  is 
BOy  then  the  X  and  Z  directions  of  the  section  and  the  wedge  must  be  opposed 
to  each  other.  On  the  other  hand,  if  the  color  bands  move  off  the  section  it 
means  that  a  thinner  part  of  the  section  is  showing  the  same  interference 
effect  that  a  thicker  portion  did  originally.  The  introduction  of  the  quartz 
wedge  has  in  effect  thickened  the  section  and  therefore  the  similar  optical 
directions  of  the  two  coincide.  This  test  is  particularly  useful  for  determin- 
ing the  X  and  Z  directions  of  deeply  colored  minerals,  as  the  natural  color  of 
the  mineral  may,  over  the  thicker  portion  of  the  section,  completely  mask 
the  interference  color. 

If  a  mineral  section  shows  an  interference  color  of  white  or  gray  of  the  first 
order  the  sensitive  tint  will  give  better  results  than  the  quartz  wedge.  If  the 
similar  optical  directions  of  the  section  and  the  sensitive  tint  coincide  the 
effect  will  be  to  raise  the  color  of  the  sensitive  tint  (red  of  the  first  order)  to 
blue.  On  the  other  hand,  if  the  optical  orientations  of  the  two  are  opposed 
the  color  will  fall  to  yellow.  This  test  can  be  made  to  advantage  only  when 
the  birefringent  effect  of  the  section  is  small  enough  to  just  raise  or  lower  the 

tlor  of  the  sensitive  tint  respjBctively  to  blue  or  yellow. 
349.  Circularly  and  Elliptically  Polarized  Light.  In  the  preceding 
articles  the  two  interfering  li^t-rays,  after  emerging  from  the  second  niool, 
were  assumed  to  be  polarized  in  the  same  plane;  for  them  the  resulting  phe- 
nomena as  indicated  are  comparatively  simple.  If,  however,  two  plane- 
polarized  rays  propagated  in  the  same  direction  have  their  vibration-directions 
at  right  an^es  to  each  other,  and  if  they  differ  one-quarter  of  a  wave-length 
(JX)  in  phase  (assuming  monochromatic  Ught),  then  it  may  be  shown  that 
the  composition  of  these  two  S3rstems  results  in  a  ray  of  circularly  polarized 
light.  Briefly  expressed,  this  is  a  ray  that,  looked  at  end-on,  would  seem  to 
be  propagated  by  ether-vibrations  taking  place  in  circles  about'  the  line  of 
transmission.  From  the  side,  the  onward  motion  would  be  like  that  of  a 
screw,  and  either  right-handed  or  left-handed. 

If,  again,  two  light-rays  meet  as  above  described,  with  a  difference  of  phase 
differing  from  JX  (but  not  equal  to  an  even  multiple  of  ^X),  then  the  resulting 
composition  gives  rise  to  eUipticaUy  polarized  light,  that  is,  a  light-ray  propa- 
gated by  ether-motions  taking  place  in  ellipses. 

The  above  results  are  obtained  most  simply  by  passing  plane-polarized 
light  through  a  doubly  refracting  medium  of  the  proper  thicbiess  (e.g.,  a  mica 
plate)  which  is  placed  with  its  vibration-planes  inclined  45®  to  that  of  the 
polarizer.  If  the  thickness  is  such  as  to  give  a  difference  in  phase  of  JX  or  an 
odd  multiple  of  this,  the  light  which  emerges  is  circularly  polarized.  If  the 
phase  differs  from  JX  (but  is  not  equal  to  JX  or  X),  the  emergent  light  is  ellip- 
tically polarized. 

360.  Rotation  of  Plane  of  Polarization.  —  In  the  case  of  certain  doubly 
refracting  crystallized  media  (as  quartz),  and  also  of  certain  solutions,  (as  of 
sugar),  it  can  be  shown  that  the  light  is  propagated  by  two  sets  of  ether- 
vibrations  which  take  place,  not  in  definite  transverse  planes  —  as  in  plane- 
polarized  light  —  but  in  circles;  that  is,  each  ray  is  circularly  polarized,  one 
being  right-handed,  the  other  left-handed.  Further,  of  these  rays,  one  will 
uniformly  gain  with  reference  to  the  other.     The  result  is,  that  if  a  ray  of 
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plane-polarized  light  fall  upon  such  a  medium  (assuming  the  simplest  case,  as 
of  a  section  of  quartz  cut  normal  to  the  vertical  crystal  axis),  it  is  found  that 
the  two  rays  circularly  polarized  within  unite  on  emerging  to  a  plane-polar- 
ized ray,  but  the  plane  of  polarization  has  suffered  an  angular  change  or  rota- 
tion, which  may  be  either  to  the  right  (to  one  looking  in  the  direction  of  the 
ray),  when  the  substance  is  said  to  be  rightrhandedf  or  to  the  left,  when  it  is 
called  left-handed. 

This  phenomenon  is  theoretically  possible  with  all  crystals  of  a  given 
system  belonging  to  any^  of  the  classes  of  lower  symmetry  than  the  normal 
class  which  show  a  plagiohedral  development  of  the  faces  *;  or,  more  simply, 
those  in  which  the  corresponding  right  and  left  (or  +  and  -  )  typical  forms 
are  enantiomorphous  (pp.  71, 112),  as  noted  in  the  chapter  on  crystallography. 
In  mineralogy,  this  subject  is  most  important  with  the  common  species  quartz, 
of  the  rhombohedral-trapezohedral  class,  and  a  further  discussion  of  it  is 
postponed  to  a  later  page  (Art.  394) . 


OPTICAL  INSTRUMENTS  AND  METHODS 

351.  Measurement  of  Refractive  Indices.    Refractometer.  —  For  the 

determination  of  the  refractive  indices  of  crystallized  minerals  various  methods 
are  employed.  The  most  accurate  results,  when  suitable  material  is  at  hand, 
may  be  obtained  by  the  ordinary  refractometer.  This  requires  the  observa- 
tion of  the  angle  of  minimum  deviation  (6)  of  a  light-ray  on  passing  through  a 
prism  of  the  given  material,  having  a  known  angle  (a^,  and  with  its  edge  cut  in 
the  proper  direction.  The  measurements  of  a  and  d  can  be  made  with  an 
ordinary  refractometer  or  with  the  horizontal  goniometer  described  in  Art. 
231.  For  the  latter  instrument,  the  collimator  is  made  stationary,  being 
fastened  to  a  leg  of  the  tripod  support,  but  the  observing  telescope  with  the 
verniers  moves  freely.  Further,  for  this  object  the  graduated  circle  is  clamped, 
and  the  screw  attachments  connected  with  the  axis  carrying  the  support,  and 
the  vernier  circle  and  observing  telescope  are  loosened.  Light  from  a  mono- 
chromatic source  passes  through  an  appropriate  slit  and  an  image  of  this  is 
thrown  by  the  collimator  upon  the  prism.  With  a  doubly  refracting  substance 
two  images  are  yielded  and  the  angle  of  minimum  deviation  must  be  measured 
for  each;  the  proper  direction  for  the  edge  of  the  prism  in  this  case  is  discussed 
later.     When  a  and  6  are  known  the  formula  in  Art.  327  is  used. 

352.  Total  Refractometer.  —  The  principle  of  total  reflection  (Art.  323) 
may  also  be  made  use  of  to  determine  the  refractive  index.  No  prism  is  re- 
quired, but  only  a  small  fragment  having  a  single  polished  surface;  this  may 
have  any  direction  with  an  isometric  crystal,  but  in  other  cases  must  have  a 
definite  orientation,  as  described  later.  A  number  of  different  instruments 
have  been  devised  by  means  of  which  indices  of  refraction  may  be  measured 
by  the  use  of  total  reflection.  A  type  widely  used  at  present  is  represented 
in  Fig.  546.  This  particular  instrument  was  made  by  Leiss.  It  consists  of  a 
hemisphere  of  glass  (H)  having  a  high  refractive  index  which  is  mounted  upon 
a  glass  post  through  which  light  may  be  reflected  from  the  mirror  Sp.    The 

*  Of  the  thirty-two  possible  classes  among  crystals,  the  following  eleven  may  be  char- 
acterized by  circular  polarization:  Class  4,  p.  71;  5,  p.  72;  11  anof  12,  p.  89;  17,  p.  102; 
22,  p.  112;  23  and  24,  p.  114;  27,  p.  128;  29,  p.  138;  32,  p.  147. 
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tube  P  contains  a  nicol  prism  so  that  when  a  thin  section  of  a  mineral  is  placed 
upon  the  plane  surface  of  the  hemisphere  it  is  possible  to  obtain  its  optical 
orientation  in  the  same  manner  as  with  the  polarizing  microscope.     The 
ju_  polished  mineral  sur- 

face is  placed  upon 
the  plane  surface  of 
H  with  a  film  of 
some  high  refract- 
ing oil  between  them. 
Then  a  beam  of 
light  from  some 
source  of  illuminatioo, 
usually  a  mono- 
chromatic light,  is 
reflected  by  means 
of  the  mirror  Bl  in 
such  a  way  as  to 
produce  a  total  reflec- 
tion shadow  down 
on  the  opposite  side 
of  the  hemisphere. 
For  further  details 
of  the  operation  see 
Art.  327.  The  tel- 
escope F  is  attached 
to  the  disk  V  which 
in  turn  carries  a  scale 
on  its  edge.  The 
telescope  is  moved 
up  or  down  until  the 
line  between  the  light 
and  dark  portions  of 
Total  Retrftctometer  *lie  field  li^  on  the 

cross-hairs.  The  angle 
which  is  read  on  the  scale  under  these  conditions  is  the  desired  critical  angle 
for  the  combination  of  the  glass  of  the  hemisphere  and  the  mineral  plat«. 
Knowing  this  angle  and  the  index  of  refraction  of  the  glass  of  the  hemisphere 
it  is  possible  to  calculate  the  index  of  refraction  of  tbe  mineral;  see  Art.  327. 
CJsutdly  a  table  is  furnished  with  the  total  refractometer  by  means  of  which  the 
desired  refractive  index  is  obtained  directly  from  the  v^ue  of  the  measured 
critical  angle.  The  post  carrying  the  glass  hemisphere  may  be  revolved  in 
the  horizontal  plane  and  the  angle  of  rotation  measured  on  the  scale  K.  This 
permits  the  measurement  of  indices  corresponding  to  different  vibration  direc- 
tions m  the  mineral.  L  is  an  eye  lens  which  in  combination  with  the  other 
lenses  of  the  tube  F  makes  a  low  power  microscope,  which  is  used  in  the  pre- 
liminary operations  in  order  to  center  the  mineral  plate,  etc.  In  the  tube  A 
is  an  iris  diaphragm  and  usually  a  small  nicol  prism  that  may  be  pushed  in 
or  out  of  the  tube. 

Fig.  547  represents  a  small  total  refractometer  devised  by  G.  F.  H.  Smith 
which  depends  upon  the  same  principle.  The  mineral  plate  is  placed  upon 
the  glass  surface  shown  on  the  top  of  the  instrument.     The  instrument  is  so 
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held  that  light  enters  at  the  forward  end,  and  the  totally  reflected  light  is  sent 
by  means  of  an  inclined  mirror  to  the  eyepiece.    A  scale  is  placed  in  the  instni- 


ment  in  such  a  way  that  the  boundary  between  the  light  and  dark  areas  is 
seen  superimposed  upon  it  and  so  yields  directly  the  value  of  the  refractive 
index.  For  rapid  and  approximate  determinations  this  instrument  is  very 
useful. 

363.  ToumuiUne  Tongs.  —  A  very  simple  form  of  polariseope  for  con- 
verging light  is  shown  in  Fig.  648;  it  is  convenient  in  use,  but  of  limited  appli- 
cation. Here  the  polarizer  and  analyzer  are  two  tourmaline  plates  such  as 
were  described  in  Art.  340.  They  are  mounted  in  pieces  of  cork  and  held  in 
a  kind  of  wire  pincers.  The  object  to  be  examined  is  placed  between  thera  and 
supported  there  by  the  spring  in  the  wire.  In  use  they  are  held  close  to  the 
eye,  and  in  this  position  the  crystal  section  is  viewed  in  amverging  polarized 
light,  with  the  result  of  showing  {under  proper  conditions)  the  anal  inter- 
ference-figuree  (Arts.  .389  and  407). 


Tourmaline  Tongs 


3M.  Polariseope.  Conoscope.  —  The  common  forms  of  polariacopes 
employing  nicol  prisms  are  shown  in  Fi^.  549  and  550.*  Fig.  549  represents 
the  instrument  arranged  for  converging  light,  which  is  often  called  a  amoacope. 

The  essential  parta  are  the  mirror  S,  reflecting  the  light,  which  after 
passing  through  the  lens  e  is  polarized  by  the  prism  p.  It  is  then  rendered 
strongly  converging  by  the  system  of  lenses  nn,  before  passing  through  the 
section  under  examination  placed  on  a  plate  at  k.    This  plate  can  be  revolved 

■  These  figuree  are  taken  from  tfan  catalogue  of  Fueaa. 
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through  any  angle  desired,  measured  on  its  circumference.  The  upper  tube 
contauis  the  converging  system  oo,  the  lens  t,  and  the  analyzing  prism  q. 
The  arrangements  for  lowering  or  raising  the  tubes  need  no  explanation,  nor 


CoDoscope  PoUriacope    ' 

indeed  the  special  devices  for  setting  the  vibration-planes  of  the  nicols  at 
right  at^es  to  each  other. 

The  accompanying  tube  (Fig.  550)  shows  the  arrangement  for  observations 
in  parallel  Ugbt,  the  convei^^ing  lenses  having  been  removed. 
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Fig.  551  represents  in  cross-section  a  simple,  inexpensive  but  quite  efficient 
form  of  polariscope.  The  polarizing  device,  P,  is  in  the  form  of  two  or  three 
thin  glass  sheets,  the  back  of  the  bottom 
one  being  blackened.  These  glass  plates 
are  set  at  the  appropriate  angle  to  secure  the 
maximum  amount  of  polarization  of  the 
light  reflected  from  them  up  through  the 
opening  in  the  stage  K.  M  represents  an 
adjustable  mirror  by  means  of  which  light  is 
reflected  upon  P.  The  analyzer.  A,  is  a 
small  nicol  prism  which  is  held  over  the 
opening  in  the  stage  by  means  of  the  stand- 
ard S.  A  double  series  of  lenses  may  be 
placed  upon  the  stage  of  the  instrument  and 
so  convert  it  into  a  conoscope. 

365.  Polarization -Microscope.  —  The 
investigation  of  the  form  and  optical 
properties  of  minerals  when  in  microscopic 
form  has  been  much  facilitated  by  the 
use  of  microscopes  *  specially  adapted  for 
this  purpose.  First  arranged  with  reference 
to  the  special  study  of  minerals  as  seen  in 
thin  sections  of  rocks,  they  have  now  been  so 
elaborated  as  lai^ely  to  take  the  place  of  the 
older  optical  instruments.  They  not  only 
allow  of  the  determination  of  the  optical 
properties  of  minerals  with  greater  facility, 
but  are  applicable  to  many  cases  where  the  crystals  in  hand  are  far  too  small 
for  other  means. 

A  highly  serviceable  microscope  is  the  Laboratoiy  Model  made  by  the 
Bausch  and  Lomb  Optical  Co.,  and  illustrated  in  Fig.  552.  The  essential 
arrangements  of  this  instrument  are  as  follows:  The  eyepiece  at  A,  which  is 
removable,  contains  the  cross^hairs  with  an  eye  lens  adjustable  for  focusing 
upon  them.  At  £  is  a  Bertrand  lens  that  slides  in  and  out  of  the  tube,  with 
an  iris  diaphragm  immediately  above  it.  At  C  is  the  analyzer  box  which  slides 
in  and  out  of  the  body  tube.  This  prism  may  be  revolved  through  a  quarter 
turn.  D  is  a  slot  in  the  microscope  tube  with  a  dust-proof  shutter  for  the 
introduction  of  various  accessories,  such  as  the  quartz  wedge,  etc.  At  £  is 
the  nosepiece  which  can  be  centered  by  the  two  screws  which  work  at  right 
angles  in  the  N  and  E  positions.  The  objective  F  is  held  in  place  by  a  spring 
clamp  and  is  quickly  detached.  The  stage,  (?,  revolves  and  carries  a  scale 
graduated  into  degrees,  the  attached  vernier  permitting  the  reading  of  angles 
to  one-tenth  degree.  The  substage  at  H  carries  condensing  lenses,  iris  dia- 
phragm and  the  polarizing  prism.  It  can  be  moved  upward  and  downward 
by  means  of  a  screw-head  and  when  at  its  lowest  point  can  be  sprung  to  one 
side,  out  of  the  optical  axis.  The  mirror  at  /  is  adjustable  and  has  both  a 
plane  and  concave  surface.  The  coarse  focusing  adjustment  is  at  J,  while 
the  milled  head  at  K  provides  a  fine  adjustment  by  means  of  which  a  vertical 
movement  of  0*0005  mm.  can  be  read. 

*  For  detailed  descriptions  of  the  polarizingmicroscope  and  its  accessories  see  Johannsen, 
Manual  of  Petrograpluc  Methods;  Wright,  The  Methods  of  Petrographic  Research;  etc 


Polariscope  {\  natural  size) 
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3S6.  The  Research  Model  of  the  Bausch  and  Lomb  microscope  is  illus- 
trated in  Fig.  553.    Thia  instrument  is  patterned  after  one  described  by 


Petroicraphical  Microscope  Pctrograptucal  Microscope 

(I^bomton  Model,  Bauech  and  (Research  Model,  Bausch  and 

LomS,  I  actual  size)  Lomh  i  actual  siie) 

Wright  to  whose  papers  reference  is  made  for  a  more  detailed  account.  The 
outstandii^  features  of  the  instrument  may  be  briefly  summarized  as  follows : 
It  has  a  large  body-tube  within  which  are  always  contained  the  analyzer  and 
the  Bertrand  lens,  both  when  they  he  in  or  outside  the  optical  axis  of  the  micro- 
scope. The  two  nicols  may  be  connected  by  means  of  the  upright  bar  and 
rotated  simultaneously  through  an  arc  of  90°.  This  enables  the  measurement 
of  ertinction  angles,  etc.,  to  be  made  without  the  necessity  of  revolving  the 
stage  and  the  consequent  difficulty  in  keeping  the  mineral  grain  under  observa- 
tion exactly  centered  in  the  field.  This  bar  carries  verniers  that  lie  against 
the  scale  engraved  upon  the  stage  so  that  the  angle  of  rotation  of  the  nicols 
can  be  accurately  measured.  The  polarizing  prism  can  be  entirely  removed 
from  the  optical  axis.  A  revolvable  cairier  for  a  sensitive  plate  is  attached 
to  the  iris  diaphragm  mount  of  the  substage. 

GENERAL  OPTICAL  CHARACTERS  OF  MINERALS 

367.  There  are  certain  characteristics  belonging  to  all  minerals  aJike, 
crystallized  and  non-crystalHzed,  in  their  relation  to  light.     These  are: 

1.   Diaphaneitt:  depending  on  the  relative  quantity  of  light  transmitted. 
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2.  Color:  depending  on  the  kind  of  light  reJ9ected  or  transmitted,  as 
determined  by  the  selective  absorption. 

3.  Luster:  depencUng  on  the  power  and  manner  of  reflecting  light. 

1.    DlAPHANBriY 

368.  Degrees  of  Transparency.  —  The  amount  of  light  transmitted  by 
a  solid  varies  in  intensity,  or,  in  other  words,  more  or  less  light  may  be  absorbed 
in  the  passage  through  the  given  substance  (see  Art.  330).  The  amount  of 
absorption  is  a  minimum  in  a  transparent  solid,  as  ice,  while  it  is  greatest  in 
one  which  is  opaque,  as  iron.  The  following  terms  are  adopted  to  express  the 
different  degrees  in  the  power  of  transmitting  light: 

Transparent:  when  the  outline  of  an  object  seen  through  the  mineral  is 
perfectly  distinct. 

Svbiransparentf  or  semi-transparent:  when  objects  are  seen,  but  the 
outlines  are  not  distinct. 

Translucent:  when  light  is  transmitted,  but  objects  are  not  seen. 

Subtranslucent:  when  merely  the  edges  transmit  light  or  are  translucent. 

When  no  light  is  transmitted,  even  on  the  thin  edges  of  small  splinters,  the 
mineral  is  said  to  be  opaqw.  This  is  properly  only  a  relative  term,  since  no 
substance  fails  to  transmit  some  light,  if  made  sufficiently  thin.  Magnetite  is 
translucent  in  the  Pennsbury  mica.  Even  gold  may  be  beaten  out  so  thin  as 
to  be  translucent,  in  which  case  it  transmits  a  greenish  light. 

The  property  of  diaphaneity  occurs  in  the  mineral  kingdom,  from  nearly 
perfect  opacity  to  transparency,  and  many  minerals  present,  in  their  numerous 
varieties,  nearly  all  the  different  degrees. 

2.  Color 

359.  Nature  of  Color.  —  As  briefly  explained  in  Art.  314|  the  sensation 
of  color  depends,  in  the  case  of  monochromatic  light.,  solely  upon  the  length 
of  the  waves  of  light  which  meet  the  eye.  If  the  light  consists  of  various 
wave-lengths,  it  is  to  the  combined  effect  of  these  that  the  sensation  of 
color  is  due. 

Further,  since  the  light  ordinarily  employed  is  essentially  white  light,  that 
is,  consists  of  all  the  wave-lengths  corresponding  to  the  successive  colors  of  the 
spectrum,  the  color  of  a  body  depends  upon  the  selective  absorption  (see 
Art.  330)  which  it  exerts  upon  the  light  transmitted  or  reflected  by  it.  A 
yeUow  mineral,  for  instance,  absorbs  all  the  waves  of  the  spectrum  with  the 
exception  of  those  which  together  give  the  sensation  of  yellow.  In  general, 
the  color  which  the  eye  perceives  is  the  result  of  the  mixture  of  those  waves 
which  are  not  absorbed. 

360.  Streak.  —  The  color  of  the  powder  of  a  mineral  as  obtained  by 
scratching  the  surface  of  the  mineral  with  a  knife  or  file,  or,  still  better,  if  the 
mineral  is  not  too  hard,  by  rubbing  it  on  an  unglazed  porcelain  surface,  is 
called  the  streak.  The  streak  is  often  a  very  important  quality  in  distinguish- 
ing minerals.  This  is  especially  true  with  minerals  having  a  metallic  luster, 
as  defined  in  Art.  364. 

361.  IMchroism;  Pleochroism.  —  The  selective  absorption,  to  which 
the  color  of  a  mineral  is  due,  more  especially  by  transmitted  light,  often  varies 
with  the  crystallographic  direction  in  which  the  light  passes  through  the 
mineral.     It  is  hence  one  of  the  special  optical  characters  depending  upon  the 
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crystallization,  which  are  discussed  later.  Here  belong  dickroism  or  pleochro^ 
ism,  the  property  of  exhibiting  different  colors  in  different  crystallographic 
directions  by  transmitted  light.  This  subject  is  explained  further  in  Arts. 
396  and  411. 

302.  Varieties  of  Colon  —  The  following  eight  colors  were  selected  by 
Werner  as  fundamental,  to  facilitate  the  emplo3anent  of  this  character  in 
the  description  of  minerals:  white,  gray,  black,  blue,  green,  yellow,  red,  and 
brown, 

(a)  The  varieties  of  Metaluc  Ck>iiOB8  reoognized  are  as  follows: 

1.  Cojyper'Ted:  native  copper.  —  2.  Bronze-yellow:  pjrrrhotite.  —  3.  Braaa-ffellow: 
chaloopyrite.  —  4.  Gald^yelhw:  native  gold.  —  5.  Silver-wkUe:  native  silver,  less  distinct 
in  arsenopvrite.  —  6.  Tin-v)kUe:  mercury;  cobaltite.  —  7.   Lead-fgray:  galena,  molybdenite. 

—  8.  Steel-gray:  nearly  the  color  of  fine-grained  steel  on  a  recent  fractm*e;  native  plati- 
num, and  palladium. 

(o)  The  following  are  the  varieties  of  Non-metallic  Colors: 

A.  White.  1.  Snow-wkUe:  Carrara  marble.  —  2.  Reddish  whiie^  3.  Yellowish  white 
and  4.  Grayish  while:  all  illustrated  by  some  varieties  of  calcite  and  qtiartz.  —  5.  Greenish 
white:  talc.  —  6.   Milk  white:  white,  slightly  bluish;  some  chalcedony. 

"B.  Gray.  1.  Bluish  gray:  gray,  incuning  to  dirty  blue.  —  2.  Pearl-gray:  gray,  mixed 
with  red  and  blue;  cerargyrite.  —  3.  Smoke-gray:  gray,  with  some  brown;  flint.  — 
4.  Greenish  gray:  gray,  with  some  green;  cat's-eye;  some  varieties  of  talc.  —  5.  Yellowish 
gray:  some  vaneties  of  compact  limestone.  —  6.  Ash-gray:  the  purest  gray  color;  soisite. 

C.  Black.  1.  Grayish  black:  black,  mixed  with  gray  (without  green,  brown,  or  blue 
tints);  basalt;  Lvdian  stone.  —  2.    Velvel-Haek:  pure  black;  obsidian^  black  tourmaline. 

—  3.  Greenish  black:  augite.  —  A,' Brottmish  black:  brown  coal,  hgnite.  —  5.  Bluish 
Idadi:  black  cobalt. 

D.  Blue.  1.  Blackish  blue:  dark  varieties  of  azurite.  —  2.  Azure-blue:  a  clear  shade 
of  bright  blue;  pale  varieties  of  azurite,  bright  varieties  of  lazulite.  —  3.  Violei-hlue:  blue, 
mixed  with  red;  amethyst,  fluorite.  —  4.  Lavender-Hue:  blue,  with  some  red  and  much 
gray.  —  5.  Prussian-bluef  or  Berlin  blue:  pure  bluej  sapphire,  cyanite.  —  6.  Smalt-blue: 
some  varieties  of  gypsum.  —  7.  Indigo-blue:  blue^  with  black  and  green;  blue  tourmaline. 

—  8.  Sky-blue:  pale  blue,  with  a  little  green;  it  is  called  mountain-blue  by  painters. 

E.  Green.     1.    Verdigris-green:  green,  inclining  to  blue;  some  feldspar  (amazon-stone). 

—  2.  Cekmdine-green:  green,  with  blue  and  grfty;  some  varieties  of  talc  and  beryl.  It  is 
the  color  of  the  leaves  of  the  celandine.  —  3.  Mountain-green:  green,  with  much  blue; 
beryl.  —  4.  Leek-green:  green,  with  some  brown;  the  color  of  leaves  of  garlic;  distinctly 
seen  in  prase,  a  variety  of  quartz.  —  6.  Emeraldroreen:  pure  deep  green;  emerald.  — 
Cr.  Apple-areen:  light  green  with  some  yellow;  chrysoprase.  —  7.  Grass-green:  bright 
green,  witn  more  yellow;  green  diallage.  —  8.  PistackUhcreen:  yellowish  green,  with  some 
brown;  epidote.  —  9.  Asporajgus-green:  pale  green,  with  much  yellow;  aspara|;us  stone 
(apatite).  — 10.  Blackish  areen:  serpentme.  — 11.  Olive-green:  dark  green,  with  much 
brown  and  yellow;   chrysolite. —  12.  Oilrgreen:  the  color  of  olive-oil;  l)eryl,  pitchstone. 

—  13.  Siskin-green:  light  green,  much  inclining  to  yellow;  uranite. 

F.  Yellow.  1..  Sulphur-yeuow:  sulphur.  —  2.  Straw-yellow:  pale  yellow;  topaz. — 
3.  Wax-yellow:  grayish  yellow  with  some  brown;  sphalerite,  opal.  —  4.  Honey-yellow: 
yellow,  with  some  red  and  brown;  calcite.  —  6.  Lemon-yeUow:  sulphur,  orpiment. — 
6.  Ocher-yellow:  yellow,  with  brown;  yellow  ocher.  —  7.   Wine-yellow:  topaz  and  fluorite. 

—  8.  Cream-yeUow:  some  varieties  of  kaolinite.  —  9.  Orange-ywow:  orpiment. 

G.  Red.  1.  Aurora^ed:  red,  with  much  yellow;  some  realgar.  —  2.  Hyacinth-red: 
red,  with  yellow  and  some  brown;  hyacinth  garnet.  —  3.  Brick-r^:  polyhalite.  some  jas- 
per. —  4.  Scarletrred:  bright  red,  with  a  tinge  of  yellow;  cinnabar.  —  5.  Bloodied:  dark 
red,  with  some  yellow;  pyrope.  —  6.  Flesh-red:  feldspar.  —  7.  Carmine-red:  pure  red; 
ruby  sapphire.  —  8.  Rose^ed:  rose  quartz.  —  9.  Crimson-red:  ruby.  —  10.  Peachblossom- 
red:  red,  with  white  and  gray;  lepidolite.  —  11.  Columbine-red:  deep  red,  with  some  blue; 
garnet. —  12.  Cherry-red:  dark  red,  with  some  blue  and  brown;  spinel,  some  jasper.  — 
13.  Broumish-red:  jasper,  limonite. 

H.  Brown.  1.  Reddish  brown:  garnet,  zircon.  —  2.  Clove-brown:  brown,  with  red 
and  some  blue;  axinite.  —  3.  Hair-brown:  wood-opal.  —  4.  Broccoli-brown:  brown,  with 
blue,  red,  and  gray;  zircon.  —  5.  Chestnut-brown:  pure  brown.  —  6.  YeUotoish  brown: 
jasper.  —  7.  Pinchbeck-broum:  yellowish  brown,  with  a  metalHc  or  metallic-pearly  luster; 
several  varieties  of  talc,  bronzite.  —  8.  Wood-brown:  colorof  old  wood  nearly  rotten;  some 
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specimens  of  asbestus.  —  9.  lAver-broum:  brown,  with  some  gray  and  green;  jasper.  — 
10.   Blackish  broum:  bituminous  coal,  brown  ooal. 

3.  Luster 

363.  Nature  of  Luster.  —  The  luster  of  minerals  varies  with  the  nature 
of  their  surfaces.  A  variation  in  the  quantity  of  light  reiSected  produces 
different  degrees  of  intensity  of  luster;  a  variation  in  the  nature  of  the  reiSect- 
ing  surface  produces  different  kinds  of  luster. 

364.  Kinds  of  Luster.  —  The  kinds  of  luster  recognized  are  as  follows: 

1.  Metallic:  the  luster  of  the  metals,  as  of  gold,  copper,  iron,  tin. 

In  general,  a  mineral  is  not  said  to  have  metallic  luster  unless  it  is  opaque 
in  the  mineralogical  sense,  that  is,  it  transmits  no  light  on  the  edges  of  thin 
splinters.  Some  minerals  have  varieties  with  metalhc  and  others  with  non- 
metallic  luster;  this  is  true  of  hematite. 

Imperfect  metallic  luster  is  expressed  by  the  term  sub-metaUic,  as  illus- 
trated by  columbite,  wolframite.    Other  kinds  of  luster  are  described  briefly 

as  NON-METALUC. 

2.  Non-metallic.  A.  Adamantine:  the  luster  of  the  diamond.  When 
also  sub-metallic,  it  is  termed  metaUicradamantine,  as  cerussite,  pyrargyrite. 

Adamantine  luster  belongs  to  substances  of  high  refractive  index.  This 
may  be  connected  with  their  relatively  great  density  (and  hardness),  as  with 
the  diamond,  also  corundum,  etc.;  or  because  they  contain  heavy  molecules, 
thus  most  compounds  of  lead,  not  metallic  in  luster,  have  a  high  refractive 
index  and  an  adamantine  luster. 

B.  Vitreous:  the  luster  of  broken  glass.  An  imperfectly  vitreous  luster 
is  termed  sub-vitreous.  The  vitreous  and  sub-vitreous  lusters  are  the  most 
common  in  the  mineral  kingdom.  Quartz  possesses  the  former  in  an  eminent 
degree;  calcite,  often  the  latter. 

C.  Resinous:  luster  of  the  yellow  resins,  as  opal,  and  some  yellow  varieties 
of  sphalerite. 

D.  Greasy:  luster  of  oily  glass.  This  is  near  resinous  luster,  but  is  often 
quite  distinct,  as  nephelite. 

E.  Pearly:  like  pearl,  as  talc,  brucite,  stilbite,  etc.  When  united  with 
sub-metallic,  as  in  hypersthene,  the  term  metallic-pearly  is  used. 

Pearly  luster  belongs  to  the  light  reflected  from  a  pile  of  thin  glass-plates; 
similarly  it  is  exhibited  by  minerals,  which,  having  a  perfect  cleavage,  may  be 
partiaUy  separated  into  successive  plates,  as  on  the  basal  plane  of  apophyllite. 
It  is  also  shown  for  a  like  reason  by  foliated  minerals,  as  talc  and  brucite. 

F.  Silky:  like  silk;  it  is  the  result  of  a  fibrous  structure.  Ex.  fibrous  cal- 
cite, fibrous  gypsum. 

The  different  degrees  and  kinds  of  luster  are  often  exhibited  differently  by 
unlike  faces  of  the  same  crystal,  but  always  similarly  by  like  faces.  For 
example,  the  basal  plane  of  apophyllite  has  a  pearly  luster  wanting  in  the  pris- 
matic faces,  which  have  a  vitreous  luster. 

As  shown  by  Haidinger,  only  vitreous,  adamantine,  and  metallic  luster  belong  to  faces 
perfectly  smooth  and  pure.  In  the  first,  the  refractive  index  of  the  mineral  is  1*  3-1*8: 
m  the  second,  1*9-2*6;  in  the  third,  about  2*6.  The  true  difference  between  metallic  and 
vitreous  luster  is  due  to  the  effect  which  the  different  surfaces  have  upon  the  reflected  light; 
in  general,  the  luster  is  produced  by  the  union  of  two  simultaneous  impressions  made  upon 
the  eye.  If  the  li^ht  reflected  from  a  metallic  surface  be  examined  by  a  nicol  prism  (or  the 
dichroscope  of  Haidinger,  Art.  898),  it  will  be  found  that  both  rays,  that  vibrating  in  the 
plane  of  meidence  andf  that  whose  vibrations  are  normal  to  it,  are  alike,  each  having  the 
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color  of  the  material,  onlv  differins  a  little  in  brilliancy;  on  the  contrary,  of  the  light 
reflected  by  a  vitreous  substance,  those  rays  whose  vibrations  are  at  right  angles  to  the 
plane  of  incidence  are  more  or  less  polarized,  and  are  colorless,  while  those  whose  vibrations 
are  in  this  plane,  having  penetrated  somewhat  into  the  medium  and  suffered  some  absorp- 
tion, show  the  color  of  the  substance  itself.  A  plate  of  red  glass  thus  examined  will  show 
a  colorless  and  a  red  image.    Adamantine  luster  occupies  a  position  between  the  othos. 

366.  Degrees  of  Luster.  —  The  degrees  of  intensity  of  luster  are  classi- 
fied as  follows: 

1.  Splendent:  reJ9ecting  with  brilliancy  and  giving  well-defined  images,  as 
hematite,  cassiterite. 

2.  Shining:  producing  an  image  by  reflection,  but  not  one  well-defined,  as 
celestite. 

3.  Glistening:  affording  a  general  reflection  from  the  surface,  but  no 
image,  as  talc,  chalcopyrite. 

4.  Glimmering:  affording  imperfect  reflection,  and  apparently  from  points 
over  the  siuface,  as  flint,  chalcedony. 

A  mineral  is  said  to  be  diJl  when  there  is  a  total  absence  of  luster,  as  chalk, 
the  ochers,  kaolin. 

366.  Play  of  Colors.  Opalescence.  Iridescence.  —  The  term  play  of 
colors  is  used  to  describe  the  appearance  of  several  prismatic  colors  in  rapid 
succession  on  turning  the  mineral.  This  property  belongs  in  perfection  to  the 
diamond,  in  which  it  is  due  to  its  high  dispersive  power.  It  is  also  observed 
in  precious  opal,  where  it  is  explained  on  the  principle  of  interference;  in  this 
case  it  is  most  brilliant  by  candle-light. 

The  expression  change  of  colors  is  used  when  each  particular  color  appears 
to  pervade  a  larger  space  than  in  the  play  of  colors  and  the  succession  pro- 
duced by  turning  the  mineral  is  less  rapid.  This  is  shown  in  labradorite,  as 
explained  under  that  species. 

Opalescence  is  a  milky  or  pearly  reflection  from  the  interior  of  a  specimen. 
Observed  in  some  opal,  and  in  cat's-eye. 

Iridescence  means  the  exhibition  of  prismatic  colors  in  the  interior  or  on 
the  surface  of  a  mineral.  The  phenomena  of  the  play  of  colors,  iridescence, 
etc.,  are  sometimes  to  be  explained  by  the  presence  of  minute  foreign  crystals, 
in  parallel  positions;  more  generally,  however,  they  are  caused  by  the  presence 
of  fine  cleavage-lamellse,  in  the  light  reflected  from  which  interference  takes 
place,  analogous  to  the  well-known  Newton's  rings  (see  Art.  336). 

367.  Tarnish.  —  A  metallic  surface  is  tarnished  when  its  color  differs 
from  that  obtained  by  fracture,  as  is  the  case  with  specimens  of  bomite.  A 
surface  possesses  the  steel  tarnish  when  it  presents  the  superficial  blue  color  of 
tempered  steel,  as  columbite.  The  tarnish  is  irised  when  it  exhibits  fixed 
prismatic  colors,  as  is  common  with  the  hematite  of  Elba.  These  tarnish  and 
iris  colors  of  minerals  are  owing  to  a  thin  surface  or  film,  proceeding  from 
different  sources,  either  from  a  change  in  the  surface  of  the  mineral  or  from 
foreign  incrustation;  hydrated  iron  oxide  us  one  of  the  most  common  sources 
of  it  and  produces  the  colors  on  anthracite  and  hematite. 

368.  Asterism.  —  This  name  is  given  to  the  peculiar  star-like  rays  of 
light  observed  in  certain  directions  in  some  minerals.  This  is  seen  by  reflected 
light  in  the  form  of  a  six-rayed  star  in  sapphire,  and  is  also  well  shown  by 
transmitted  light  (as  of  a  small  flame)  with  the  phlogopite  mica  from  South 
Burgess,  Cansida.  In  the  former  case  it  is  explained  by  the  presence  of  thin 
twinning-lamellse  symmetrically  arranged.  In  the  other  case  it  is  due  to  the 
presence  of  minute  inclosed  crystals,  also  symmetrically  arranged,  which  are 
probably  rutile  or  tourmaline  in  most  cases.     Crystaliine  faces  which  have 
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been  artificially  etched  also  sometimes  exhibit  asterism.  The  peculiar  light- 
figures  sometimes  observed  in  reflected  light  on  the  faces  of  crystals,  either 
natural  or  etched,  are  of  similar  nature. 

369.  Schillerization.  —  The  general  term  achiller  is  applied  to  the  pecu- 
liar luster,  sometimes  nearly  metallic,  observed  in  definite  directions  in  certain 
minerals,  as  conspicuously  in  schillernspar  (an  altered  variety  of  bronzite), 
also  in  diallage,  h3rpersthene,  sunstone,  and  others.  It  is  explained  by  the 
reflection  either  from  minute  inclosed  plates  in  parallel  position  or  from  the 
surfaces  of  minute  cavities  (negative  crystals)  having  a  common  orientation. 
In  many  cases  it  is  due  to  alteration  which  has  developed  these  bodies  (or 
the  cavities)  in  the  direction  of  solution-planes  (see  Art.  286).  The  process 
by  which  it  has  been  produced  is  then  called  schiUerizaiion, 

370.  Fluorescence.  —  The  emission  of  light  from  within  a  substance 
while  it  is  being  exposed  to  direct  radiation,  or  in  certain  cases  to  an  electrical 
discharge  in  a  vacuum  tube,  is  called  fluorescence.  It  is  best  exhibited  by 
fluorite,  from  which  the  phenomenon  gained  its  name.  Thus,  if  a  beam  of 
white  light  be  passed  through  a  cube  of  colorless  fluorite  a  delicate  violet  color 
is  called  out  in  its  path.  This  effect  is  chiefly  due  to  the  action  of  the  ultra- 
violet ra3rs,  and  is  connected  with  a  change  of  refrangibility  in  the  transmitted 
light. 

The  electrical  discharge  from  the  negative  pole  of  a  vacuum  tube  calls  out 
a  brilliant  fluorescence  not  only  with  the  diamond,  the  ruby,  and  many  gems, 
but  also  with  calcite  and  other  minerals.  Such  substances  may  continue  to 
emit  light,  or  phosphoresce^  after  the  discharge  ceases. 

371.  Phosphorescence.  —  The  cordinued  emission  of  light  by  a  sub- 
stance (not  incandescent)  produced  especially  after  heating,  exposure  to  light 
or  to  an  electrical  dischai^e,  is  called  phosphorescence. 

Fluorite  becomes  highly  phosphorescent  after  being  heated  to  about 
150**  C.  Different  varieties  give  off  light  of  different  colors;  the  chlorophane 
variety,  an  emerald-green  light;  others  purple,  blue,  and  reddish  tints.  This 
phosphorescence  may  be  observed  in  a  dark  place  by  subjecting  the  pulverized 
minersJ  to  a  heat  below  redness.  It  may  even  be  produced  by  a  sharp  blow 
with  a  hammer.  Some  varieties  of  white  limestone  or  marble,  after  slight 
heating,  emit  a  yellow  light;  so  also  tremolite,  danburite,  and  other  species. 

The  X-ray  and  ultra-violet  light  will  produce  phosphorescence  in  willemite, 
kunzite,  and  some  diamonds.  The  fact  that  willemite  glows  when  exposed  to 
ultra-violet  light  is  made  use  of  in  testing  the  residues  from  a  willemite  ore  to 
make  certain  the  separation  has  been  complete.  Radium  emanations  cause 
certain  minerals  to  phosphoresce,  as  willemite  and  wurtzite. 

Exposure  to  the  light  of  the  sun  produces  very  apparent  phosphorescence 
with  many  diamonds,  but  some  specimens  seem  to  be  destitute  of  this  power. 
This  property  is  most  striking  after  exposure  to  the  blue  rays  of  the  spectrum, 
while  in  the  red  rays  it  is  rapidly  lost.  A  mixture  of  calcium  sulphide  and 
bismuth  will  phosphoresce  for  a  considerable  period  after  being  exposed  to 
sunlight. 

SPECIAL   OPTICAL   CHARACTERS   BELONGING   TO   CRYSTALS 

OF  THE  DIFFERENT  SYSTEMS 

372.  All  crystallized  minerals  may  be  grouped  into  three  grand  classes, 
which  are  (Ustinguished  by  their  physical  properties,  as  well  as  their  geometri- 
cal form.    These  three  classes  are  as  follows: 
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A.  Isometric  doss,  embracing  crystals  of  the  isometric  system,  which  are 
referred  to  three  equal  rectangular  axes. 

B.  Isodiametric  daaSy  embracing  crystals  of  the  tetragonal  and  hexagonal 
systems,  referred  to  two,  or  three,  equal  horizontal  axes  and  a  third,  or  fourth, 
axis  unequal  to  them  at  right  angles  to  their  plane.  Cr3rstals  of  this  class  have 
a  fixed  principal  axis  of  crystallographic  symmetry. 

C.  Anisometric  doss,  embracing  the  crystals  of  the  orthorhombic,  mono- 
clinic,  and  tricUnic  systems,  referred  to  three  unequal  axes.  Crystals  of  this 
class  are  without  a  &ced  axis  of  crystaUographic  symmetry. 

373.  Isotropic  Crystals.  —  Of  the  three  classes,  the  isometric  class 
includes  all  crystals  wluch,  with  respect  to  light  and  related  phenomena  involv- 
ing the  ether,  are  isotropic  (from  the  Greek,  signifying  equal  turning) ;  that  is, 
those  which  have  like  optical  properties  in  all  directions.  Their  distinguishing 
characteristic  is  that  light  travels  through  them  with  equal  velocity  in  all 
directions,  provided  their  molecular  equilibrium  is  not  disturbed  by  external 
pressure  or  internal  strain.  If  it  be  imagined  therefore  that  light  starts  from 
a  point  within  an  isotropic  medium  at  a  given  moment  of  time  the  resulting 
wave  surface  will  be  a  sphere. 

It  must  be  emphasized  here,  however,  that  such  a  crystal  is  not  isotropic 
with  reference  to  those  characters  which  depend  directly  upon  the  molecular 
structure  alone,  as  cohesion  and  elasticity.     (See  Art.  275.) 

Further,  amorphous  bodies,  as  glass  and  opal,  which  are  destitute  of  any 
orientated  molecular  structure  —  that  is,  those  in  which  all  directions  are  sensi- 
bly the  same  —  are  also  isotropic,  and  not  only  with  reference  to  light,  but 
also  as  regards  their  strictly  molecular  properties. 

374.  Anisotropic  Crystals;  TTniaxial  and  Biaxal.  —  Crystals  of  the  iso- 
DiAMETRic  and  ANISOMETRIC  CLASSES,  on  the  other  hand,  are  in  distinction 
anisotropic  (from  the  Greek,  signifying  unequal  turning).  Their  optical  prop- 
erties are  in  general  imlike  in  different  directions,  or,  more  particularly,  the 
velocity  with  which  light  is  propagated  varies  with  the  direction. 

Further,  in  crystals  of  the  isodiametric  class  that  variable  property  of  the 
light-ether  upon  which  the  velocity  of  propagation  depends  remains  constant 
for  all  directions  which  are  normal  to,  or,  again,  for  all  those  equally  inclined 
to,  the  vertical  crystallographic  axis.  In  the  direction  of  this  axis  there  is  no 
double  refraction;  it  is  hence  called  the  optic  axis,  and  the  crystals  of  this 
class  are  said  to  be  uniaxial. 

Crystals  of  the  third  or  anisometric  class  have  more  complex  optical  rela- 
tions requiring  special  explanation,  but  in  general  it  may  be  stated  that  in  them 
there  are  always  two  directions  analogous  in  character  to  the  single  optic  axis 
spoken  of  above;  hence,  these  crystals  are  said  to  be  optically  bicadal. 

A.  Isometric  Crystals 

376.  It  has  been  stated  that  crystals  of  the  isometric  system  are  optically 
isotropiCy  and  hence  light  travels  with  the  same  velocity  in  every  direction  in 
them.  Light  can,  therefore,  suffer  only  single  refraction  in  passing  into  an 
isotropic  medium;  or,  in  other  words,  there  can  be  but  one  value  of  the 
refractive  index  for  a  given  wave-length.  If  this  be  represented  by  n,  while 
V  is  the  velocity  of  light  in  air  and  v  that  in  the  given  medium,  then 

V  V 

n  =  — ,    or    V  =  —' 

V  n 
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The  wave-front  for  light-waves  propagated  from  any  point  within  such  an 
isotropic  medium  is,  as  already  stated,  a  sphere.  The  sphere,  therefore,  may 
be  taken  to  represent  the  optical  prop>erties  of  an  isotropic  medium.  Sec- 
tions of  a  sphere  normal  to  any  diameter  will  always  be  circles.  These  cir- 
cular sections  with  like  radii  in  all  directions  correspond  to  the  fact  that  the 
optical  character  of  an  isotropic  substance  is  the  same  in  all  directions  normal 
to  the  line  of  light  propagation.  Or,  in  other  words,  Ught  vibrations  may 
tjEike  place  in  any  direction  normal  to  the  direction  of  transmission;  i.e.,  the 
light  is  not  polarized.  Further  its  velocity  remains  uniform  no  matter  what 
may  be  the  direction  of  its  vibration. 

This  statement  holds  true  of  all  the  classes  of  isometric  crystals.  In  other 
words,  a  crystal  of  maximum  symmetry,  as  fluorite,  and  one  having  the 
restricted  symmetry  characteristic  of  the  tetrahedral  or  pyritohedral  divisions, 
have  alike  the  same  isotropic  character.  Two  of  the  classes,  however,  namely, 
the  plagiohedral  and  the  tetartohedral  classes,  differ  in  this  particular:  that 
crystals  belonging  to  them  may  exhibit  what  has  already  been  defined  (Art, 
360)  as  circular  polarization. 

376.  Behavior  of  Sections  of  Isometric  Ciystals  in  Polarized  Lijght.  — 
In  consequence  of  their  isotropic  character,  isometric  crystals  exhibit  no 
special  phenomena  in  polarized  light.  As  a  section  of  an  isotropic  substance 
(isometric  crystal  or  some  amorphous  material)  has  no  polarizing  or  doubly 
refracting  effect  upon  Ught  it  does  not  change  at  all  the  character  of  Ught  that 
enters  it  from  the  polarizer  of  a  polariscope.  Therefore  thui  sections  of  iso- 
tropic media  when  examined  in  a  polariscope  or  polarizing  microscope  with 
the  nicols  crossed  will  appear  dark  in  aU  positions.  In  other  words,  they  are 
always  extinguished.  Further,  when  a  colored  mineral  is  examined  without 
the  analyzer  there  wiU  be  no  change  in  its  color  when  the  section  is  revolved 
with  the  stage  of  the  micro8Cop>e.  Some  anomalies  are  mentioned  on  a  later 
page,  (Art.  429). 

The  single  refractive  index  of  an  isotropic  substance  may  be  determined 
by  means  of  a  prism  (see  Art.  327)  with  its  ^ge  cut  in  any  direction  whatever. 

B.  Uniaxial  Crystals 

General  Optical  Rehiions 

377.  The  crystallographic  and  optical  relations  of  crystals  belonging  to 
crystals  of  the  tetragonal  and  hexagonal  systems  have  already  been  briefly 
summarized  (Art.  374);  it  now  remains  to  develop  their  optical  characters 
more  fully.  This  can  be  done  most  simply  by  making  frequent  use  of  the 
familiar  conception  of  a  light-ray  to  represent  the  character  and  motion  of  the 
light-wave. 

378.  Behavior  of  Light  in  Uniaxial  Minerals.  —  Light  entering  a  uni- 
axial mineral  is  in  general  broken  up  into  two  rays  which  are  polarized  in  {danes 
perpendicular  to  each  other  and  which  travel  with  different  velocities  and 
therefore  have  different  indices  of  refraction.  One  of  the  two  rays  derived 
from  a  single  incident  ray  always  vibrates  in  the  plane  of  the  horizontal  crys- 
tallographic axes.  The  other  ray  vibrates  at  right  angles  to  the  first  and 
always  in  a  vertical  plane  that  includes  the  vertical  crystallographic  axis. 
The  optical  character  of  a  uniaxial  mineral  is  uniform  for  aU  directions  lying 
in  the  horizontal  cr3rstalloffraphic  plane  and  therefore  the  ray  whose  vibra- 
tions Ue  in  this  plane  will  have  uniform  velocity  no  matter  what  its  direction 
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of  transmission.  This  ray  will  therefore  have  a  single  and  constant  index  o£ 
refraction,  commonly  designated  by  (a.  Since  this  ray  follows  the  usual  laiir 
as  to  the  constant  ratio  between  the  sines  of  the  angles  of  incidence  and  refrac- 
tion and  in  general  behaves  in  an  ordinary  way  it  is  called  the  ordinary  ray. 
The  ray  which  vibrates  in  a  plane  that  includes  the  vertical  crystallographic 
axis  will  have  the  direction  of  its  vibration  constantly  changing  as  the  direc- 
tion of  its  path  through  the  crystal  changes  and  its  velocity  will  correspond- 
ingly vary.  Its  index  of  refraction  will  therefore  depend  upon  the  direction 
of  its  propagation  and  it  will  not  in  general  obey  the  usual  sine  law.  This 
ray  is  therefore  called  the  extraordinary  ray. 

When  light  travels  in  a  uniaxial  mineral  in  a  direction  parallel  to  the 
vertical  crystallographic  axis,  since  all  its  vibrations  must  take  place  in  the 
horizontal  plane,  it  behaves  wholly  as  the  ordinary  ray  with  a  single  velocity 
and  refractive  index.  There  can  be  no  double  refraction  of  light,  therefore, 
along  this  direction  and  in  this  case  the  mineral  will  behave  like  an  isotropic 
substance.  This  direction  of  no  double  refraction,  coincident  with  the  ver- 
tical crystal  axis,  is  known  as  the  optic  axis  and  as  there  is  only  one  such  direc- 
tion in  this  optical  group  the  latter  is  called  uniaxial.  As  soon  as  the  direc- 
tion of  transmission  becomes  inclined  to  the  vertical  crystal  axis  the  light  is 
doubly  refracted  and  as  the  inclination  increases  the  direction  of  vibration  of 
the  light  of  the  extraordinary  ray  departs  more  and  more  from  the  plane  of 
vibration  of  the  ordinary  ray  with  a  corresponding  change  in  its  velocity  and 
refractive  index.  The  difference  between  the  refractive  indices  of  the  two 
rays  becomes  a  maximum  when  the  light  passes  through  the  mineral  in  a 
horizontal  direction  with  the  direction  of  vibration  of  the  extraordinary  ray 
parallel  to  the  vertical  crystal  axis  —  or  in  other  words  as  divergent  as  possible 
from  the  horizontal  plane.  The  value  of  the  refractive  index  of  the  extras 
ordinary  ray  when  at  its  maximum  difference  from  the  constant  index  of  the 
ordinary  ray  is  the  one  always  quoted  and  is  indicated  by*€.  These  two  indices, 
<a  and  €,  are  called  the  principal  indices  of  a  uniaxisd  crystal.  A  principal 
section  of  a  uniaxial  crystal  is  a  section  passing  through  the  vertical  axis. 

379.  Positive  and  Negative  Crystals.  —  Uniaxial  crystals  are  divided  into 
two  classes,  dep>ending  upon  whether  the  velocity  of  the  extraordinary  ray  is 
greater  or  lesd  than  that  of  the  ordinary  ray.  Those  in  which  the  refractive 
index  of  the  ordinary  ray,  w,  is  less  than  that  of  the  extraordinary  ray,  € 
(ci>  <  c),  are  called  positive.  This  is  illustrated  by  quartz  for  which  (for  yel- 
low sodium  light) : 

«  =  1-544.  €  =  1-553. 

On  the  other  hand,  if  €  is  less  than  a>  (e  <  &>),  the  crystal  is  said  to  be  negative.* 
Calcite  is  an  example  for  which  (for  sodium  light) 

<a  =  1-658.  €  =  1-486. 

Other  examples  are  given  later  (Art.  383). 

380.  Determination  of  the  Refractive  Indices  in  Uniaxial  Crystals.  — 

The  indices  of  refraction  of  uniaxial  minerals  are  measured  in  much  the  same 


*  It  will  assist  in  remembering  these  relations  to  note  that  the  first  vowel  in  the  words 
positive  and  negative  agrees  with  the  symbol  used  fdr  the  smaller  index  of  refraction  in 
each  case. 
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T^ay  as  in  the  case  of  isotropic  substances.  With  uniaxial  crystals,  however, 
the  prism  or  plate  used  must  have  a  definite  crystallographic  orientation.  If 
a  prism  is  employed  its  edge  should  be  parallel  to  the  optic  axis,  or  in  other 
^words  parallel  to  the  verti^  crystal  axis  of  the  mineral.  When  such  a  prism 
is  examined  on  the  refractometer  two  refracted  rays  are  seen,  the  angles  of 
refraction  of  which  can  be  measured  by  either  the  method  of  minimum  devia- 
tion or  perpendicular  incidence  as  described  in  Art.  327,  The  two  rays  are 
polarized,  the  ordinary  ray  vibrating  in  the  horizontal  plane  and  the  extra- 
ordinary ray  vibrating  in  the  vertical  plane,  i.e.,  parallel  to  the  edge  of  the 
prism.  The  plane  of  vibration  of  each  ray  must  be  determined  by  the  use  of 
a  nicol  prism  held  in  front  of  the  eyepiece  of  the  refractometer.  When  the 
plane  of  the  nicol  is  horizontal  the  image  belonging  to  the  ordinary  ray  will  be 
visible  and  when  the  plane  of  the  nicol  is  vertical  only  that  of  the  extraordi- 
nary ray  will  appear.  In  this  way  the  indices  of  the  two  rays  are  determined 
and  the  positive  or  negative  character  of  the  mineral  is  established.  It  is  pos- 
sible to  obtain  these  measurements  in  prisms  with  different  crystallographic 
orientation  but  the  difficulties  attending  their  preparation  are  so  great  that 
such  prisms  are  very  seldom  used. 

If  the  method  of  *total  reflection  is  used  a  single  plate  will  suffice,  provided 
it  lies  either  in  the  prism  zone  of  the  crystal,  or  is  parallel  to  the  basal  plajie. 
In  each  case  two  shadows  will  be  observed,  corresponding  in  their  position 
to  the  angles  of  total  reflection  of  the  two  rays:  When  the  plate  is  cut  parallel 
to  a  face  in  the  prism  zone  one  of  these  shadows,  that  belonging  to  the  ordi- 
nary ray,  will  remain  stationary  as  the  plate  is  revolved  on  the  hemisphere  of 
the  total  refractometer  while  the  shadow  of  the  extraordinary  ray  will  vary 
from  being  coincident  with  that  of  the  ordinary  ray  to  a  certain  maximum 
divergence  from  that  position.  This  maximum  difference  in  position,  which 
may  yield  a  greater  or  less  angle  than  that  of  the  ordinary  ray,  depending  upon 
the  optical  character  of  the  mineral,  is  the  angle  corresponding  to  the  true 
value  of  the  refractive  index  of  the  extraordinary  ray.  There  will  be  two 
positions  at  180^  apart  during  the  complete  revolution  of  the  section  at  which 
this  value  may  be  measured.  If  the  plate  was  cut  parallel  to  the  basal  plane 
of  the  crystal  the  two  shadows  would  both  be  stationary  during  such  a  revolu- 
tion and  the  value  of  the  angle  for  both  rays  can  be  measured  in  any  position 
of  the  plate. 

381.  Wave-surface.  —  Remembering  that  the  velocity  of  light-propa- 
gation is  always  inversely  proportional  to  the  corresponding  refractive  index, 
it  is  obvious  that  the  velocity  of  the  ordinary  ray  for  all  directions  in  a 

uniaxial  crystal  must  be  the  same,  being  uniformly  proportional  to  — .    In 

other  words,  supposing  light  originates  at  a  point  within  a  uniaxial  crystal 
the  ordinary  ray  would  travel  out  in  all  directions  with  uniform  velocity  and 
its  waverfrdnt  would  form  a  sphere. 
'  For  the  extraordinary  ray,  however,  the  velocity  varies  with  the  direction, 

being  proportional  to  -  in  a  horizontal  direction  and  becoming  sensibly  equal 

to  —  when  nearly  coincident  with  the  direction  of  the  vertical  axis.    The 

law  of  the  varying  change  of  velocity  between  these  values,  —  and  -,  is  given 

6)  € 
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by  an  ellipse  whose  axes  (OC,  OAy  Figs.  554,  555)  are  respectively  proportional 
to  the  above  values. 

654 


The  wave^front  of  the  extraordinary  ray  is  then  a  spheroid,  or  an  ellipsoid 
of  revolution  whose  axis  coincides  with  the  vertical  crystallographic  axis, 
that  is,  the  optic  axis.  In  the  direction  of  the  vertical  axis  it  is  obvious  that 
the  wave-fronts  of  the  ordinary  and  extraordinary  rays  will  coincide. 

Figures  556  and  557  represent  vertical  sections  of  the  combined  wave- 

057 


Negative  cryital,  c«0« 


PmI  tlve  cryital,  a  <:e . 


surfaces  for  both'rays.  Fig.  556  gives  that  for  a  negative  crystal  like  calcite 
(€  <  w),  the  ellipsoidal  wave  surface  of  the  extraordinary  ray  being  outside 
the  spherical  surface  of  the  ordinary  ray;  Fig.  557  that  of  a  positive  crystal 
like  quartz  (co  <  c)  with  the  ellipsoidal  surface  within  that  of  the  sphere. 
Fig.  558  is  an  attempt  to  show  the  relations  of  the  two  wave-fronts  of  a  nega- 
tive crystal  in  perspective  for  a  single  octant.     The  constant  value  of  the 

velocity  of  the  ordinary  ray  (-\  whatever  its  direction  in  the  plane  of  Figs. 

556  and  557,  is  expressed  by  the  radius  of  the  circle  (=  OC).  On  the  other 
hand,  the  velocity  of  the  extraordinary  ray  in  the  horizontal  direction  is  given 


s 


by  OAl-l  while  in  any  oblique  direction,  as  OsTj  Fig.  556  (Ors,  Fig.  557),  it  is 
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expressed  by  the  length  of  this  line,  becoming  more  and  more  nearly  equal  to 

OC  ( - 1  as  its  direction  approaches  that  of  the  vertical  axis. 

382.  Uniaxial  Indicatrix.  —  The  optical  structure  of  a  uniaxial  cr3rstal 
can  be  represented  by  an  ellipsoid  of  tevolution,  called  the  Indicatrix,*  from 
which  can  be  obtained  the  directions  of  vibration  and  indices  of  refraction  of 
the  ordinary  and  extraordinary  rays  derived  from  any  single  incident  ray. 
Fig.  559  represents  a  principal  section  of  such  an  ellipsoid  for  an  optically  n^a- 
tive  crystal,  the  line  C-C  being  its  axis  of  revolution.  The  axes  of  this  eUip- 
soid  are  made  inversely  proportional  to  the  indices  of  refraction  of  the  two 
rays,  co  and  €,  as  follows: 


OC  :0A  =  ^ 


1 

-  or  € 

€ 


Ci). 


In  this  figure  let  Or  be  a  direction  of  transmis- 
sion of  light.  Let  Vr  and  VR  be  tangents  to 
the  elliptical  surface  at  the  points  r  and  R  and 
OR  be  a  radius  vector  parallel  to  the  tangent 
Vr.  Or  and  OR  form  then  what  are  known 
as  conjugate  radii.  From  the  geometrical 
properties  of  an  ellipse  it  follows  that  the 
area  of  any  parallelogram  with  conjugate 
radii  forming  two  sides,  such  as  ORVr  in  Fig. 
559,  is  constant  and  equal  to  the  area  of  a  par- 
allelogram having  OC  and  OA  as  two  sides. 
Let  RN  be  perpendicular  to  the  extended  line 
Or.    Then  the  area  of  ORVr  will  be  equal  to 


RN'Or.    It  follows  since  RN'Or  =  OA'OC  =  a  constant,  k 
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Or  = 


OA'OC  ^  Jc_ 
RN         RN' 


also   OA  =  ^ 


*  The  Optical  Indicatrix  and  the  Transmission  of  Light  in  Crystals,  by  L.  Fletcher, 
London,  1892. 
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From  the  last  expression  we  see  that  OA  and  OC  are  inversely  proportional  to 
each  other,  or,  in  other  words,  as  OC  represents  the  minimum  index,  OA  will 
represent  the  corresponding  velocity  of  light  which  will  be  the  maximum  for 
any  transmission  direction  in  the  crystal.  In  the  same  way  Or  and  RN  are 
inversely  proportional  to  each  other,  the  distance  Or  representing  the  velocity 
of  the  extraordinary  ray  traveling  along  that  direction  while  RN  will  represent 
its  refractive  index.  The  line  RN  will  also  give  the  direction  of  vibration  of 
the  extraordinary  ray. 

For  the  radius  vector  Or  there  will  be  another  possible  direction  perpendic- 
ular to  it  and  also  normal  to  the  ellipsoidal  surface.  This  will  be  a  line  from  O 
perpendicular  to  the  mincipal  section  represented  in  Fig.  559.  This  line  will 
Ue  in  the  horizontal  circular  section  of  the  indicatrix  ellipsoid  with  its  length 
equal  to  OA  which  in  turn  is  proportional  to  the  index  of  the  ordinary  ray,  cj. 
So  for  a  given  direction  of  transmission  of  light,  such  as  Or,  the  two  lines  that 
are  perpendicular  to  it  and  at  the  same  time  normal  to  the  surface  of  the 
indicatrix  yield  both  the  indices  of  refraction  of  the  two  rays  and  the  directions 
of  their  vibrations. 

If,  however,  the  light  is  passing  parallel  to  the  principal  axis  of  the  indica- 
trix, i.e.,  C-Cf  Fig.  559,  there  will  be  an  infinite  number  of  lines  which  are 
perpendicular  to  this  direction  and  at  the  same  time  normal  to  the  surface  of 
the  indicatrix.  These  will  lie  in  the  horizontal  circular  section  of  the  ellip- 
soid and  consequently  will  be  of  a  uniform  length.  From  this  it  is  evident 
that  such  a  transmitted  ray  may  vibrate  in  any  transverse  direction  and  will 
possess  a  single  index  of  refraction  and  velocity.  Along  this  direction,  known 
as  the  optic  axis,  there  will  consequently  be  no  double  refraction  of  the  light. 

888.  Examples  of  Positive  and  Negative  Crystals.  —  The  following  lists  gjve  promi- 
nent positive  and  negative  uniaxial  crystals,  with  the  values  of  the  refractive  in£ces,  cu  and 
c,  for  each,  corresponding  to  yeUow  sodium  lig^t.*  The  difference  between  these,  <a  —  e  or 
c  —  w,  is  also  given;  this  measures  the  birefringence  or  strength  of  the  double  nsfraction. 

It  may  be  remarked  that  in  some  species  both  -f  and  —  varieties  have  been  observed. 
Certain  crystals  of  apophylUte  are  positive  for  one  end  of  the  spectrum  and  negative  for 
the  other,  and  consequently  for  some  color  between  the  two  extremes  it  has  no  double 
refraction.  The  same  is  true  for  some  other  species  (eg.,  chabasite)  of  weak  double 
refraction. 

Nbqative  Csybtalb 

ctf  e  (a — c 

Proustite 2979  2711  0268 

Calcite 1'658  1*486  0172 

Tourmaline 1-638  1620  0018 

Ck)rundum 1768  1760  0008 

Beryl 1-684  1-578  0006 

Vesuvianite 1720  1*715  0005 

Nephelite 1542  1*538  0*004 

Apatite 1*634  1*631  0003 

PosrnvB  Crystai^ 

Rutile 2-616  2*903  0*287 

Cassiterite 1  997  2*093  0096 

Zircon 1*923  1*968  0045 

Brudte 1559  1*580  0021 

Phenacite 1*654  1*670  0*016 

Quartz 1*544  1'653  0*009 

ApophyUite 1*535  1*533  0002 

Leucite 1*508  1*509  0001 

*  From  tables  by  £.  S.  Larsen. 
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Examination  of  Uniaxial  Crystals  in  Polarized  Light 

384.  Section  Normal  to  the  Axis  in  Parallel  Polarized  Light.  —  Sup- 
pose a  section  of  a  uniaxial  (aystal  to  be  cut  perpendicular  to  the  vertical 
cryatallographic  axis.  It  has  already  been  shown  that  light  passing  through 
the  crystal  in  this  direction  suffers  no  double  refraction;  consequently,  such  a 
section  examined  in  parallel  polarized  light  behaves  as  a  section  of  an  isotropic 
sutMstance.  If  the  nicols  are  crossed  it  appears  dark,  or  extinguished,  and  re- 
mains so  when  revolved. 

386.  Section  Parallel  to  the  Axis.  —  A  section  cut  parallel  to  the  verti- 
cal axis,  as  already  explained,,  has  two  directions  of  light-vibration,  one  parallel 
to  this  axis,  that  of  the  extraordinary  ray,  and  the  other  at  right  angles  to  it, 
that  of  the  ordinary  ray.  A  ray  of  light  falling  upon  such  a  section  with 
perpendicular  incidence  is  divided  into  the  two  rays,  ordinary  and  extraor- 
dinary, which  travel  on  in  the  same  path  through  the  crystal,  but  one  of  them 
retarded  relatively  to  the  other.  When  such  a  section  is  examined  in  polar- 
ized light  with  crossed  nicols  it  will  appear  dark,  or  be  extinguished,  when  its 
vibration  directions  lie  parallel  to  the  vibration  directions  of  the  nicols. 
Assume  that  the  section  abed,  Fig.  560,  Ues  with  the  direction  of  its  vertical 
cxystallographic  axis  parallel  to  P-P,  which  represents  the  vibration  direction 
of  the  polarizer.  The  light  entering  the  section  under  these  conditions  will 
be  vibrating  parallel  to  the  vertical  axis  of  the  crystal  and  will  therefore  pass 
into  the  mineral  wholly  as  the  extraordinary  ray,  there  being  no  vibration 
possible  in  the  direc- 
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tion  of  the  ordinary 
ray.  The  light  will, 
therefore,  leave  the 
section  with  the  same 
direction  of  vibration 
as  when  it  entered  and 
will  be  entirely  lost  by 
reflection  in  the  an- 
alyzer. If  the  section 
is  turned  at  an  angle 
of  90°,  as  a'ftVd',  Fig. 
560,  similar  conditions 
prevaU,  although  in  this  case  the  light  will  vibrate  in  the  section  as  the 
ordinary  ray.  Therefore  in  such  a  section  there  will  be  four  positions  during 
its  complete  revolution  on  the  stage  of  the  polariscope  or  microscope  when  it 
will  be  extingiushed. 

If  the  section  stand  obliquely,  as  abed  in  Fig.  561,  it  will  appear  light 
to  the  eye  (and  usually  colored),  for  the  vibrations  parallel  to  P-P  that  have 
passed  through  the  polarizer  have  upon  resolution  a  component  in  the  direc- 
tion of  each  of  the  vibration-planes  of  the  section.  Again,  each  of  these 
components  can  be  resolved  along  the  direction  of  the  vibration-plane  of  the 
upper  nicol,  A-A.  Therefore,  two  rays  will  emerge  from  the  analyzer,  both 
having  the  same  vibration-plane,  but  one  more  or  less  retarded  with  reference 
to  the  other,  the  amount  of  retardation  increasing  with  the  birefringence  and 
the  thickness  of  the  section.  In  general,  therefore,  these  rays  will  interfere, 
and  if  the  thickness  of  the  section  is  sufficient  (and  not  too  ^eat)  it, will 
appear  colored  in  white  light  and,  supposing  the  thickness  uiuform,  of  the 
same  color  throughout. 
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386.  Parallel  Extinction.  —  When  the  vibration  directions  of  a  section 
coincide  with  those  of  the  polarizer  and  analyzer,  assuming  them  to  be  crossed, 
the  section  appears  dark  and  it  is  said  to  be  in  the  position  of  extinction.  If  a 
section  extinguishes  when  its  crystallographic  axis  or  axial  plane  is  parallel  to 
one  of  the  planes  of  vibration  of  the  nicols  it  is  said  to  show  parallel  extinction. 
If;  on  the  other  hand,  no  such  parallelism  exists  between  the  crystall(^raphic 
directions  and  the  directions  of  vibration  in  the  mineral  the  section  is  said  to 
show  inclined  extinction. 

In  the  case  of  uniaxial  minerals,  since  the  vibration  directions  always  lie 
in  some  crystallographic  axial  plane,  all  sections  of  such  minerals  will  show 
parallel  extinction. 

387.  Determination  of  the  Relative  Character  of  the  Extinction  Direc- 
tions of  a  Given  Uniaxial  Mineral.  —  The  relative  characters  of  the  ex- 
tinction directions  of  a  section  of  a  uniaxial  mineral  are  to  be  determined  by 
the  use  of  the  quartz  wedge  or  the  sensitive  tint  as  described  in  Art. 
348.  If  the  orientation  of  the  section  is  known  so  that  it  can  be  told  which  of 
the  directions  of  vibration  belongs  to  the  ordinary  and  which  to  the  extraor- 
dinary ray  the  positive  or  negative  character  of  the  mineral  can  be  determined. 
For  instance,  if  the  ordinary  ray  is  proved  to  be  the  faster  of  the  two  (i.e.,  the 
X  direction)  it  follows  that  its  index  is  the  smaller,  i.e.,  <a  <  e,  and  the 
mineral  is  positive. 

388.  Interference  Colors  of  Uniaxial  Minerals.  Birefringence.  —  The 
interference  color  of  any  section  of  a  uniaxial  mineral  depends  upon  the  fol- 
lowing: first  upon  the  thickness  of  the  section,  second  upon  the  strength  of 
the  double  refraction  of  the  mineral,  i.e.,  its  birefringence,  this  being  measured 
by  the  difference  between  the  indices  of  refraction  of  the  two  rays  in  the  sec- 
tion, and  third  upon  the  crystallographic  orientation  of  the  section.  A  section 
cut  parallel  to  the  basal  plane  shows  no  double  refraction  and  therefore  cannot 
exhibit  any  interference  color.  The  strength  of  the  birefringence,  the  other 
conditions  remaining  imiform,  increases  as  the  inclination  of  the  section  to 
the  basal  plane  increases.  The  highest  birefringence  of  a  given  mineral  is 
therefore  shown  by  its  prismatic  sections. 

The  following  table  *  gives  the  thickness  (in  millimeters)  of  sections  of  a 

few  uniaxial  crystals  which  yield  red  of  the  first  order: 

Birefringence         Thickness  in 
(«  —  €>  or  (€  —  w)        Millimeters 

RutUe 0-287  0-0019 

Calcite 0-172  0-0032 

Zu-con 0-062  0-0089 

Tourmaline 0-023  0*0240 

Quartz 0009  0-0612 

Nephelite 0*004  0-1377 

Leucite 0001  0*5510 

Again,  as  another  example,  it  may  be  noted  that  with  zircon  (c  —  en  »  0'062),  a  thick- 
ness of  about  0'009  mm.  gives  red  of  the  first  order;  of  0*017  red  of  the  second  order;  of 
0026 red  of  the  third  order. 

The  methods  ordinarilv  used  to  determine  the  birefringence  of  a  section  (not  J.  c  axis) 
of  a  uniaxial  crystal,  as  also  to  fix  the  relative  value  of  its  two  vibration-directions,  have 
ahneady  been  discussed,  see  Arts.  347  and  348. 

389.  Effects  of  Convergent  Polarized  Light  upon  Sections  of  Uniaxial 
Minerals.    Uniaxial  Interference  Figures.  —  When  certain  sections  of  uni- 

*  See  further,  Rosenbusch  (Mikr.  Phys.  Min.,  1904,  p.  292),  from  whom  these  are  takea. 
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axial  minerals  are  observed  in  convergent  polarized  light  they  show  what 
are  known  as  interference  figures,  A  symmetrical  interference  figure  is  obtained 
in  uniaxial  minerals  by  allowing  converging  polarized  hght  to  pass  through  a 
basal  section  of  the  crystal.  Parallel  polarized  light  entering  such  a  section 
would  suffer  no  double  refraction  and  consequently  give  no  interference.  To 
convert  the  parallel  polarized  light  that  comes  from  the  polarizer  into  con- 
vei^ent  light  a  lens  is  placed  between  the  polarizer  and  the  section.  Under 
these  conditions  a  sharply  converging  cone  of  light  rays  enters  the  section. 
Another  lens  is  placed  above  the  section  to  change  these  oblique  rays  back 
again  into  a  parallel  postion.  Such  an  instrument  is  known  as  a  conoscope 
and  may  be  obtained  by  placing  a  pair  of  lenses  between  the  polarizer  and 
analyzer  of  a  polariscope,  or,  in  case  the  polarizing  microscope  is  used,  the  small 
convergii^  lens  that  lies  above  the  polarizer  is  swimg  into  position  by  a  lever 
and  at  the  same  time  a  small  lens  known  as  the  Bertrand  lens  is  introduced 
into  the  microscope  tube. 

Under  such  conditions  the  light  entering  the  section  is  composed  of  a 

converging  system  of  rays  polarized  and 
vibrating  in  the  plane  P-P,  Fig.  562. 
Let  B-B  (Kg.  562,  A)  be  a  vertical 
cross  section  of  the  mineral  section 
along  the  Ime  B-5,  Kg.  562,  B. 
Consider  any  ray,  as  a,  entering  the 
section.  Since  the  ray  enters  the 
section  obliquely  it  will  be  doubly 
a  refracted  into    the    rays    o    and    e, 
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The  mineral  being  taken  as  calcite  the  extraordinary  ray  (calcite  being 
negative)  will  have  the  greater  velocity  and  be  least  refracted.  As  the 
light  enters  the  section  in  the  form  of  a  cone  the  traces  of  the  two  rays  as  they 
emerge  from  the  section  will  be  circles,  Fig.  562,  B.  Now  consider  in  a  similar 
case  the  action  of  the  two  rays  a  and  b  or  a'  and  b'  (Fig.  563)  upon  each  other. 
Ray  a  on  entering  the  section  is  doubh"  refracted  and  polarized  into  the  rays  e 
and  0  which  are  considered  as  emerging  from  the  section  at  the  points  e  and  r. 
Ray  b  also  on  entering  the  section  is  doubly  refracted  and  polarized.  Suppose 
the  extraordinary  ray  derived  from  6  emerges  from  the  section  at  the  same 
point  as  the  ordinary  ray  derived  from  a,  that  is  at  r.  Since  it  travels  with  a 
greater  velocity  the  extraordinary  ray  emerging  at  this  point  will  have 
advanced  in  its  phase  over  that  of  the  ordinary  ray.  In  that  case  they 
would  be  in  a  condition  to  interfere  with  each  other  except  that  they  are 
vibrating  in  planes  perpendicular  to  each  other  and  so  cannot.  The  two  rays 
travel  on,  vibrating  in  planes  at  right  angles  to  each  other  and  maintaining 
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this  difference  in  phase  until  they  reach  the  upper  nicol;  there  they  are  each 
resolved  into  rays  vibrating  in  the  plane  A-A,  Fig.  562,  B,  and  are  now  in 
condition  to  interfere  with  each  other.  Let  it  be  assumed  that  the  conditions 
are  right  for  the  extraordinary  ray  to  emerge  from  the  section  just  one  wave- 
length ahead  of  the  ordinary  ray.  Their  components  in  the  upper  nicol  will 
have  opposite  phases  and  therefore  compensate  each  other,  see  Art.  336.  If 
the  section  is  viewed  in  a  monochromatic  light  (for  instance,  sodium  light) 
this  interference  will  result  in  a  black  point.  But  as  these  rays  are  converging 
in  the  form  of  a  cone  they  will  make,  when  they  strike  the  section,  a  circular 
trace  upon  its  surface  and  their  interference  will  result  in  a  dark  ring.  Going 
out  from  the  center  of  the  section  there  will  be  a  succession  of  these  rings 
corresponding  to  the  interference  of  waves  1,  2,  3,  4,  5,  etc.,  wave-lengths 
apart.    As  the  distance  from  the  center  of  the  section  is  increased,  the  paths 

of  the  refracted  rays  in 
the  section  are  lengthened 
and  the  points  of  inter- 
ference are  brought  closer 
together.  This  will  cause 
the  interference  rings  to 
lie  nearer  together  as  the 
distance  from  the  center 
of  the  figure  increases. 

Fig.  664  is  a  top  view 
of  the  section  without 
taking  into  consideration 
the  effects  of  the  upper 
nicol.  Let  the  two  circles 
represent  the  traces  of  the 
emergence  of  the  two  rays 
e  and  o  into  which  one 
incident  conical  ray  is 
divided;  e,  being  the  least 
refracted  (for  excite),  will 
be  the  inner  one.  The 
plane  of  vibration  of  e 
is  always  parallel  to  some  plane  passing  through  the  vertical  axis 
of  the  crystal,  therefore  the  trace  of  its  plane  of  vibration  upon 
the  surface  of  the  section  will  always  be  in  a  radial  direction.  The  plane  of 
vibration  of  o  is  at  right  angles  to  that  of  the  extraordinary  ray  and  parallel 
to  the  horizontal  axes  of  the  crystal,  therefore  the  trace  of  its  plane  of  vibra- 
tion upon  the  surface  of  the  section  will  always  be  in  a  tangential  direction, 
see  Fig.  564.  Along  the  line  P-P,  Fig.  564,  only  light  vibrating  in  a  radial 
plane  or  that  of  the  extraordinary  ray  can  come  through  the  section,  since  the 
light  entering  the  section  cannot  be  resolved  into  the  vibrations  of  the  ordinary 
ray.  The  intensity  and  direction  of  vibration  of  the  light  that  emerges  from 
the  section  along  the  line  P-P  is  represented  by  the  double  arrow  on  that  line. 
Along  the  line  A-Ay  since  the  light  entering  the  section  is  Still  vibrating  in 
the  plane  P-P,  all  the  light  passing  through  the  section  must  vibrate  as  the 
ordinary  ray.  It  is  evident,  therefore,  that  along  these  two  directions,  P-P 
and  A-A  the  plane  of  vibration  of  the  light  is  not  changed  by  passage  through 
the  section  and  consequently  such  light  will  be  completely  absorbed  in  the 
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upper  nicol.  In  this  way  dark  brushes  will  be  formed  along  the  lines  P-P 
and  A-A.  A  dark  spot  will  also  be  formed  in  the  center  of  the  field  because 
any  light  entering  the  section  at  this  point  must  enter  in  the  direction  of  the 
optic  axis  and  therefore  will  not  be  doubly  refracted  and  consequently  will 
also  be  absorbed  in  the  analyzer. 

Now  consider  point  B,  Fig.  564,  which  lies  45°  away  from  P  and  A.  Here 
the  directions  of  vibration  of  e  and  o  would  be  equally  inclined  to  the  planes  of 
vibration  of  the  polariscope,  A-A  and  P-P.  Light  striking  the  section  at  B 
would  be  vibrating  in  the  plane  P-P  but  by  resolution  a  component  vibrating 
Id  the  direction  B-B  would  come  through  the  section  as  the  ray  e;  in  the  same 
manner  a  component  vibrating  in  a  direction  at  right  angles  to  B-B  would 
emei^e  as  o.  The  intensities  and  directions  of  vibration  of  these  two  rays  at 
this  point  are  represented  by  the  double  arrows.  When  these  rays  meet  the 
analyzer  above  they  would  again  each  be  resolved  and  their  components 
which  vibrate  in  the  plane  A-A  would  emei^  from  the  analyzer.  In  this  way 
it  is  seen  that,  except  at  the  special  points  where  complete  interference  takes 
place,  light  will  result  in  the  interference  figure  at  all  points  away  from  the 
center  of  the  figure  and  from  the  lines  P-P 
and^-j4.     From  the  consideration  of  Fig.  668 

564  it  is  evident  that  the  greatest  amount 
of  light  will  come  through  the  section  at 
the  45°  points,  such  as  B.  When  viewed 
in  monochromatic  light,  therefore,  the 
interference  figure  consists  of  a  series  of 
concentric  dark  and  light  rings  crossed  by  a 
vertical  and  a  horizontal  dark  brush  in- 
tersecting in  the  center  of  the  field  of  the 
microscope,  like  Fig.  565. 

If  a  baisal  section  of  a  uniaxial  mineral 
while  in  the  conoscope  is  viewed  in  dayhght 
colored  rings  will  take  the  place  of  the  light 
and  dark  rings  observed  in  the  monochro- 
matic light.  The  change  will  be  like  that  Uniaxial  Interference  Figure 
shown  by  the  quartz  wedge  in  the  similar 

case  described  in  Art.  343.  Where  the  first  few  dark  rings  near 
the  center  of  the  figure  were  formed  by  the  interference  of  rays 
having  the  wave-length  of  sodium,  light  colored  rings  will  result  in  the  dayli^t 
illumination.  These  rings  will  be  composed  of  all  the  components  of  white 
light  with  the  yellow  of  sodium  subtracted.  The  other  colors  are  obtaind  in 
a  similar  manner  by  the  elimination  though  interference  of  some  particular 
wave-length  of  light.  While  the  interference  figure  when  illuminated  in  the 
monochromatic  light  showed  a  large  number  of  distinct  black  rings  in  day- 
light, the  corresponding  colored  rings  are  limited  in  number  and  their  colors, 
gradually  becoming  fainter  as  the  distance  from  the  center  of  the  figure 
increaaes,  finally  mei^  into  the  white  of  the  higher  order.  This  is  due  to  the 
overlapping  of  the  interference  rings  of  the  various  colors  in  the  same  manner 
as  obs«T6d  in  the  quartz  wedge,  see  Art.  343.  The  interference  figure 
viewed  in  daylight  will  of  course  retain  the  black  cross  and  center  since  these 
^re  due  to  the  cutting  out  of  all  the  light  by  the  analyzer  and  are  not  the  result 
of  intetferencc. 

The  distance  of  each  successive  ring  from  the  center  of  the  interference 


264 


PHYSICAX  MINERALOOY 


figure  obviously  depends  upon  the  birefringence,  or  the  difference  between  the 
refractive  indices,  for  the  ordinary  and  extraordinary  ray,  and  also  upon  the 
thickness  of  the  plate.  The  stronger  the  double  refraction  and  the  thicker 
the  plate,  the  smaller  the  angle  of  the  light-cone  which  will  give  a  certain 
amount  of  retardation,  or,  in  other  words,  the  nearer  the  circles  will  be  to  the 
center.  Further,  for  the  same  section  the  circles  will  be  nearer  for  blue  light 
than  for  red,  because  of  their  shorter  wave-length.  When  the  plate  is  either 
quite  thin  or  quite  thick  only  the  black  brushes  will  be  distinctly  seen. 

390.  Determination  of  the  Positive  or  Negative  Character  of  the  Bire- 
fringence of  a  Uniaxial  Mineral  from  Its  Interference  Figure. 

Use  of  the  Mica  Plate.  —  For  the  identification  of  a  uniaxial  mineral  it 
is  naturally  important  to  determine  whether  the  character  of  its  birefringence 
is  positive  or  negative.  This  can  usually  be  best  accomplished  by  tests  made 
upon  its  interference  figure.  One  of  the  common  ways  of  making  this  test  is 
by  the  use  of  a  sheet  of  muscovite  mica,  cleaved  so  thin  that,  of  the  two  rays 
of  light  passing  through  it,  one  has  gained  one  quarter  of  a  wave-length  in 
phase  over  the  other.  The  mica  is  usually  mounted  between  long  and  narrow 
glass  plates  and  is  known  as  the  one  quarter  wave-length  mica  plate.    It  is 

commonly  marked  1  /4M  with 
an  arrow  indicating  the  Z 
optical  direction.  In  testing 
an  interference  figure  by 
means  of  the  mica  plate  the 
latter  is  inserted  somewhere 
between  the  polarizer  and 
analyzer  (in  the  microscope 
commonly  through  the  slot 
just  above  the  objective)  and 
is  so  orientated  that  the  Z 
direction  makes  an  angle  of 
45^  with  the  planes  of  vibra- 
tion of  the  nicols. 

In  Fig.  566  let  P-P  rep- 
resent the  plane  of  vibra- 
tion of  the  polarizer  and 
A-A  the  plane  of  vibration  of 
the  analyzer  of  a  conoscope. 
Let  0  be  the  point  of  emer- 
gence of  the  optic  axis  of  a 
positive  imiaxial  mineral. 
Suppose  a  smgle  conical  ray  of  Ught  enters  the  section.  It  is  broken  up  in  the 
mineral  into  two  rays,  o  and  e,  which  emerge  from  the  section  along  the  arcs  of 
the  circles  shown  in  Fig.  566.  The  trace  of  the  ordinary  ray,  o,  wiU  be  within 
that  of  the  extraordinary  ray,  e,  because  in  a  positive  mineral  the  o  ray  travels 
the  faster  and  is  less  refracted.  The  directions  of  vibration  of  these  two  rays  at 
the  45®  points  R  and  R'  are  represented  by  the  double-headed  arrows.  When 
these  rays  reach  the  analyzer  they  will  be  resolved  into  components  vibrating 
parallel  to  A-A .  There  are  an  infinite  nimiber  of  such  rays  entering  and  pass- 
ing through  the  mineral  section  with  varying  angles  of  inclination  and  there- 
fore varying  lengths  of  path.  At  some  certain  distance  out  from  the  center 
0  two  rays  will  emerge  on  the  same  circle  with  a  difference  of  phase  of  one 
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whole  wave-length  and  when  resolved  in  the  upper  nicol  into  rays  vibrating 
in  the  same  plane  will  interfere  with  each  other  and  produce  the  first  dark 
ring  of  the  interference  figure  as  it  is  viewed  in  monochromatic  hght. 

If  the  mica  plate  is  introduced  above  the  section  a  change  in  the  inter- 
ference figure  is  noted.  The  optical  character  of  the  mica  cannot  be  fully 
explained  at  this  point.  It  is  sufficient  for  present  purposes  to  know  that 
it  is  a  doubly  refracting  mineral  which  breaks  light  up  into  two  rays  which 
are  polarized  in  planes  at  right  angles  to  each  other  and  which,  traveling  with 
different  velocities  through  the  mica,  wiU  emerge  from  it  with  different  phases. 
As  stated  above,  the  mica  plate  is  cleaved  to  the  requisite  thickness  so  that  the 
two  rays  emerge  from  it  with  a  difference  of  phase  of  one  quarter  of  a  wave- 
length. Consider  what  takes  place  when  such  a  plate  is  introduced  above  the 
section  represented  in  Fig.  566  in  such  a  position  that  its  vibration  direction 
Z  is  pcurallel  to  the  direction  R-O-R  of  the  figure.  Consider  what  takes  place 
at  the  points  R.  There  the  vibration  direction  of  the  e  ray  coincides  with 
the  vibration  direction  Z  of  the  mica  plate.  These  vibration  directions  in 
each  case  are  those  of  the  rays  traveling  with  the  smaller  velocity.  On  the 
other  hand,  at  the  same  point  the  vibration  direction  of  the  o  ray  in  the  mineral 
coincides  with  the  vibration  direction  X  in  the  plate,  both  of  these  being  of 
the  rays  with  the  greater  velocity.  So  at  this  point  the  effect  of  the  mica 
plate  is  to  increase  the  difference  of  phase  between  o  and  e  and  to  produce  the 
same  result  as  if  the  mineral  section  had  been  thickened.  Consequently  the 
interference  rings  along  the  line  R-O-R  are  increased  in  number  and  drawn 
toward  the  center  of  the  figure.  At  the  points  R'  the  opposite  is  .true.  The 
vibration  direction  of  e  coincides  now  with  that  of  X  in  the  mica  plate;  the 
direction  of  least  velocity  in  the  mineral  with  that  of  the  greatest  in  the  mica. 
Also  the  vibration  direction  of  o  coincides  with  that  of  Z;  that  of  the  greater 
velocity  in  the  mineral  with  the  less  velocity  in  the  mica.  So  at  this  point 
the  mica  will  decrease  the  difference  in  phase  between  o  and  e  and  produce  the 
effect  of  thinning  the  section  and  so  spreading  the  interference  rings  farther 
apart  along  the  line  R'-O-R'.  In  quadrants  2  and  4,  therefore,  the  rings  will 
be  drawn  nearer  the  center,  while  in  quadrants  1  and  3  they  will  be  spread 
farther  apart.  Another  effect  caused  by  the  introduction  of  the  mica  plate  is 
even  more  pronoimced.  In  quadrants  1  and  3,  in  the  case  illustrated  in  Fig. 
566,  black  dots  will  appear  near  the  center  of  the  figure.  In  the  interference 
figure,  before  the  introduetftn  of  the  mica  plate,  there  were  points  in  quadrants 
1  and  3  at  short  distances  from  the  center,  0,  where  the  two  rays,  o  and  e, 
emerged  from  the  section  with  a  difference  of  phase  of  one  quarter  wave-length. 
Under  these  conditions  no  interference  could  take  place  and  these  spots  were 
light.  The  effect  of  the  mica  plate  in  these  two  quadrants  is  to  everywhere 
reduce  the  birefringence  due  to  the  mineral  by  one  quarter  of  a  wave-length. 
Therefore  at  these  two  points  the  difference  of  phase  caused  by  the  birefring- 
ence of  the  mineral  is  annulled  by  the  mica  plate  and  consequently  at  these 
points  interference  will  result  and  black  dots  appear.  The  mica  plate  produces 
still  other  effects.  The  brushes  which  were  dark  in  the  interference  figure  be- 
come light.  Light  coming  from  the  crystal  section  along  the  lines  of  the  brushes 
is  vibrating  only  in  the  vibration  direction  of  the  polarizer  and  ordinarily  is 
wholly  cut  out  by  the  analyzer  above.  But  with  the  mica  plate  intervening  this 
Ught  is  broken  up  in  the  mica  into  two  rays  which  vibrate  in  the  vibration 
planes  of  the  mica  and  as  these  are  inclined  to  the  plane  of  the  analyzer  a 
portion  of  the  light  will  come  through  to  the  eye.     As  the  light  coming  from. 
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the  section  along  the  lines  of  the  brushes  had  only  a  single  velocity  (was 
entirely  either  the  ordinary  or  extraordinary  ray)  there  are  only  two  rays 
emerging  from  the  mica  plate  along  these  directions  and  their  difference  of 
phase  is  one  quarter  of  a  wave-length.  Under  these  conditions  there  can  be  no 
interference  and  white  brushes  result.  In  the  same  way  the  dark  center  of 
the  interference  figure  becomes  light. 

567 


Determination  of  Optical  Character  with  Mica  Plate 

Fig.  567,  Afias,  diagrammatic  representation  of  the  interference  figure  of 
a  positive  mineral  as  affected  by  the  insertion  of  the  mica  plate,  the  direction 
of  the  arrow  indicating  the  direction  Z  of  the  mica,  i.e.,  the  direction  of  vibra- 
tion of  the  ray  having  the  smaller  velocity.  In  the  case  of  a  negative  mineral 
the  conditions  as  described  above  will  be  completely  reversed.  Fig.  567,  B^ 
represents  the  appearance  of  an  interference  figure  of  a  negative  mineral  when 
the  mica  plate  is  used. 

Therefore,  to  determine  the  optical  character  of  a  uniaxial  mineral  from 
its  interference  figure  insert  a  mica  plate  above  the  section  with  its  Z  direction 
making  45®  with  the  vibration  planes  of  the  nicols.  Then,  if  this  direction  Z 
is  at  right  angles  to  a  line  joining  the  two  black  dots  that  appear  near  the  cen- 
ter of  the  figure  (i.e.,  the  two  lines  form  a  plus  sign),  the  mineral  is  positive; 
if,  on  the  other  hand,  these  two  directions  coincide  (form  together  a  minus 
sign)  the  mineral  is  negative. 

Use  of  the  Sensitive  Tint.  —  The  sensitive  tint,  see  Art.  344,  is  used  to  deter- 
mine the  positive  or  negative  character  of  a  uniaxial  mineral  from  its  inter- 
ference figure  when  the  mineral  section  is  so  thin,  or  the  mineral  possesses 
such  a  low  birefringence,  as  to  show  in  the  figure  only  a  black  cross  without 
any  rings.  Under  such  conditions  the  mica  plate  would  not  give  a  decisive 
test.  The  sensitive  tint  is  usually  so  mounted  that  its  longer  direction  coin- 
cides with  the  direction  of  the  vibration  of  the  faster  ray,  i.e.,  the  direction  X. 
The  sensitive  tint  is  introduced  somewhere  between  the  polarizer  and  ana- 
lyzer in  such  a  position  that  its  vibration  directions  are  at  45**  with  the  planes 
of  vibration  of  the  nicols.  Let  it  be  assumed  that  we  have  the  interference 
figure  from  a  positive  mineral,  such  as  is  represented  in  Fig.  666.  If  the 
sensitive  tint  is  introduced  in  such  a  position  that  its  X  direction  is  parallel 
to  the  line  R-O-R  the  X  direction  of  the  sensitive  tint  will  be  parallel  to  the 
direction  of  vibration  of  the  e  ray  in  the  mineral.  Since  the  mineral  is  p)ositive 
the  e  ray  will  have  the  smcdler  velocity  and  therefore  in  quadrants  2  and  4  the 
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optical  orientation  of  the  mineral  and  the  sensitive  tint  will  be  oppoeed  to 
each  other.  The  sensitive  tint  alone  would  produce  an  interference  color  of 
red  of  the  first  otder.  But  if  the  effect  of  the  birefringence  of  the  mineral  is 
such  as  to  subtract  from  the  birefringence  of  the  sensitive  tint  the  color  will 
change  to  yellow.  Consequently  in  these  quadrants  yellow  spots  will  appear 
near  the  center  of  the  lield  at  the  points  where  the  effect  of  the  mineral  has 
been  sufficient  to  lower  the  interference  color  to  that  extent.  In  the  other 
quadrants,  1  and  3,  the  faster  and  slower  rays  of  the  mineral  and  sensitive 
tint  coincide  in  their  directions  and  the  effect  of  the  two  substances  is  an  addi- 
tive  one.  Con- 
sequently in  these  two 
quadrants  the  color 
will  rise  to  blue. 

In  making  the  above 
test  with  the  sensitive 
tint  it  b  convenient 
to  follow  the  rule  that 
if  the  direction  X  of 
the  sensitive  tint 
crosses  a  line  uniting 
the  two  blue  dots 
(makes  a  plus  sign) 
the  mineral  is  positive ; 
if,  on  the  other  hand, 
these    two    directions 

coincide     ( make    to-  .     ^ 

gether  a  minus  sign)  the  mineral  is  n^ative.     These  conditions  are  illustrated 
in  Fig.  568. 

391.  lateiference  Figures  from  Inclined  Sections  of  Uniaxial  Minerals. 


Determination  of  Optical  Character  with  Sensitive  Tint 


Eccentric  Uniaxial  Interference  Figutea 
—  It  frequently  happens  that  a  mineral  section  under  observation  for  «i 
interference  figure  is  not  cut  exacUy  parallel  to  the  basal  plane  of  the  cryst^ 
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An  interference  figure  obtained  from  such  an  inclined  section  will  of  course  be 
eccentric  to  the  microscope  field.  If  the  section  is  inclined  only  a  little  to  the 
basal  plane,  the  center  of  the  figure  (i.e.,  the  point  of  emergence  of  the  optic 
axis)  will  still  be  within  the  field  of  vision  and  will  move  in  a  circle  about  the 
center  of  the  field  when  the  section  is  revolved  upon  the  microscope  stage. 
Kg.  569,  A,  shows  the  successive  positions  of  such  an  interference  figure  during 
revolution.  If  the  section  is  more  sharply  inclined  the  center  of  the  inter- 
ference figure  may  be  quite  outside  the  field.  As  the  section  is  turned  on  the 
stage  the  four  arms  of  the  interference  cross  wiU  traverse  the  field  in  succession. 
They  will  move  across  the  field  as  straight  bars  and,  provided  the  section  has 
been  cut  not  too  highly  inclined  to  the  optic  axis,  will  move  across  the  field 
parallel  to  the  cross-hairs  of  the  microscope.  This  fact  is  of  importance  in 
order  to  distinguish  such  a  uniaxial  interference  figure  from  certain  biaxial 
figures.  The  latter  will  often  show  similar  bars  which,  however,  will  always 
curve  as  they  cros»  the  field  of  the  microscope.  If  the  first  of  these  bars  in 
the  uniaxial  figure  moves  from  left  to  right  across  the  field,  the  second  will 
move  from  the  top  to  the  bottom,  the  third  from  right  to  left  and  the  last 
from  the  bottom  to  the  top,  etc.  Fig.  569,  B,  shows  the  different  position  of 
such  a  figure  during  one  quarter  of  a  revolution. 

The  positive  or  negative  character  of  the  mineral  can  usually  be  deter- 
mined from  an  eccentric  figure  if  care  is  taken 
to  make  certain  which  quadrant  is  visible 
when  the  test  is  made.  For  instance,  in  Fig. 
570  is  shown  how  the  test  is  made  with  the 
sensitive  tint  upon  the  eccentric  interference 
figure  of  a  positive  mineral. 

In  examining  unorientated  sections  of  a 
mineral,  such  as  the  random  section  found  in 
a  rock  section  or  the  small  fragments  of  a 
mineral  placed  upon  a  glass  shde,  it  is  advis- 
able always  to  hunt  for  that  section  that  gives 
the  lowest  interference  color.  The  amoimt 
of  birefringence  shown  in  various  sections 
of  a  uniaxial  mineral  decreases  as  the  section 
approaches  the  orientation  of  the  basal  plane. 
Consequently  that  section  showing  the 
lowest  interference  color  will  yield  the  most 
nearly  symmetrical  interference  figure. 

392.  Interference  Figure  from  a  Prismatic  Section  of  a  Uniaxial 
Mineral.  —  When  a  prismatic  section  of  a  uniaxial  mineral  is  examined 
for  an  interference  figure  an  indefinite  result  is  obtained.  The  figure  is  analo- 
gous to  one  obtained  in  the  case  of  biaxial  crystals.  The  reasons  for  this 
resemblance  will  be  pointed  out  in  a  later  article.  The  two  types  of  figures 
cannot  be  in  this  case  easily  differentiated.  Two  dark  and  usuaJQy  indefinite 
hyperbolas  approach  each  other  as  the  section  is  turned  on  the  microscope 
stage,  form  an  indistinct  cross,  and  rapidly  separate.  These  bars  differ  from 
those  obtained  in  a  biaxial  interference  figure  in  that  they  rapidly  fade  out  as 
they  move  away  from  the  crossed  position.  This  type  of  interference  figure 
can  be  obtained  easily  from  the  quartz  wedge. 

393.  Absorption  Phenomena  of  Uniaxial  Crystals.  Dichroism.  — 
When  light  enters  colored  minerals  as  rays  of  white  light,  i.e.,  containing  vibra- 
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tions  of  all  wave-lengths  from  that  of  violet  light  at  one  end  of  the  spectrum 
to  that  of  red  light  at  the  other,  certain  wave-lengths  will  be  absorbed  during 
the  passage  of  the  light  through  the  mineral,  so  that  the  light,  as  it  emerges, 
has  a  definite  color.  It  happens  in  certain  deeply  colored  minerals  that  the 
amount  and  character  of  this  absorption  depends  upon  the  direction  of  the 
light  vibration.  For  instance  in  the  case  of  uniaxial  minerals,  the  ordinary 
and  extraordinary  rays  may  emerge  from  the  section  with  distinctly  different 
colors.  Take,  for  instance,  a  prismatic  section  of  a  brown  colored  tourmaline 
and  observe  it  in  plane  polarized  light  without  the  use  of  the  upper  nicol.  As 
the  section  is  revolved  upon  the  stage  of  the  polariscope  the  color  may  change 
from  a  dark  brown  to  a  light  yellow-brown.  The  greatest  difference  in  the 
color  occurs  at  positions  90^  apart  and  when  the  crystallographic  directions  of 
the  section,  i.e.,  the  vertical  crystallographic 
axis  and  the  trace  of  the  plane  of  the  horizontal 
axes,  are  either  parallel  or  perpendicular  to  the 
vibration  plane  of  the  polarizer.  In  other 
words,  these  extremes  of  color  occur  when  the 
directions  of  the  vibration  of  the  ordinary  and 
extraordinary  ra3rs  in  the  section  are  paraUel  or 
perpendicular  to  the  vibration  plane  of  the 
light  entering  the  section.  In  Fig.  571,  A,  let 
P-P  represent  the  vibration  direction  of  the 
light  entering  the  section.  The  mineral  section 
is  so  placed  that  the  direction  of  the  vertical 
crystal  axis  is  perpendicular  to  P-P.  The 
light  on  entering  the  section  will  therefore 
vibrate  in  the  plane  of  the  horizontal  axes  or 
as  the  ordinary  ray,  o.  In  this  p)Osition  the 
tourmaline  section  is  dark  colored  and  con- 
sequently it  is  seen  that  light  vibrating  in  the 
mineral  as  the  ordinary  ray  is  largely  al^rbed. 
Now  turn  the  section  through  a  90^  angle  to 
the  position  shown  in  ^g.  571,  B.  In 
this  p)Osition  the  light  must  vibrate  in  the  section  wholly  as  the 
extraordinary  ray,  e,  and  the  color  is  a  light  yellow-brown.  There- 
fore the  extraordinary  ray  is  only  slightly  absorbed.  This  difference  in 
the  absorptioii  or  the  color  of  the  two  rays  is  known  as  dichraiam.  Either 
the  ordinary  or  the  extraordinary  ray  may  be  the  most  absorbed  and  the  two 
cases  are  expressed  as  either  o  >  «  (co  >  e)  or  6  >  o  (e  >  co).  In  uniaxial 
minerals  dichroism  is  to  be  best  observed  in  prismatic  sections  where  it  attains 
its  full  intensity.  Basal  sections  show  no  dichroism,  since  light  passing  through 
the  section  parallel  to  the  optic  axis  must  all  vibrate  in  the  horizontal  anal 
plane  and  belong  wholly  to  the  ordinary  ray. 

An  inatrument  called  a  dickrosaype^  contrived  by  Haidinger,  is  sometimes  used  for 
examining  this  property  of  crystals.  An  oblong  rhombohedron  of  Iceland  spar  is  placed 
in  a  metallic  cyiinorical  case^  having  a  convex  Tens  at  one  end,  and  a  square  hole  at  the 
other.  On  looking  through  it,  the  square  hole  appears  double;  one  image  belongs  to  the 
ordinarv  and  the  other  to  the  extraordinary  ray.  When  a  pleochroic  crystal  is  examined 
with  it  by  transmitted  light,  on  revolving  it  the  two  squares,  at  intervals  of  90®  in  the  revo- 
lution, liave  different  colors,  corresponding  to  the  vibration-planes  of  the  ordinary  and 
extraordinary  ray  in  calcite.  Since  the  two  ima^  are  situated  side  by  side,  a  very  slight 
difference  of  color  is  perceptible.  A  similar  device  is  sometimes  used  as  an  ocular  in  the 
microscope. 
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894.  Circular  PolarixAtion.  —  The  subject  of  elliptically  polarized  light  and  circular 
polarization  has  already  been  briefly  alluded  to  in  Art.  360.  This  phenomenon  is  most  dis- 
tinctly observed  among  minerals  in  the  case  of  crystals  belonging  to  the  rhombohedral- 
trapezohedral  class,  that  is.  quartz  and  cinnabar. 

It  has  b^n  explained  that  a  section  of  an  ordinary  uniaxial  crystal  cut  normal  to  the 
vertical  (optic)  axis  appears  dark  in  parallel  polarized  light  for  every  position  between 
crossed  mcols.  If,  however,  a  similar  section  of  quartz,  sa^r  1  mm.  in  thickness,  be  examined 
under  these  conditions,  it  appears  dark  in  monochromatic  light  only,  and  tnat  not  until 
the  analyzer  has  been  rotated  so  that  its  vibration-plane  makes  for  sodium  light  an  angle 
of  24*^  with  that  of  the  polarizer.  In  other  words,  this  quartz  section  has  rotated  the  plane 
of  vibration  some  24^,  and  here  either  to  the  right  or  to  the  left,  looking  in  the  direction  of 
the  light.  The  amount  of  this  rotation  increases  with  the  thickness  of  the  section,  and,  as 
the  wavelength  of  the  lisht  diminishes  (for  red  this  angle  of  rotation  for  a  section  of  1  mm. 
is  about  19**,  for  blue  32  ).  The  direction  of  the  rotation  is  to  the  right  or  left,  as  defined 
above  —  according  as  the  crystal  is  crystallographically  right-handed  or  left-handed  (p.  1 13). 

If  the  same  section  of  qiuurtz  (cut  i)erpendicular  to  the  axis)  be  viewed  between  crossed 
nicols  in  converging  i)olarized  light,  it  is  found  that  the  interference^figure  differs  from  that 
of  an  ordinarv  uniaxial  crystal.  The  central  portion  of  the  black  cross  has  disappeared, 
and  instead  the  space  withm  the  inner  ring  is  brilliantly  colored.*  Furthermore,  when  the 
analyzing  nicol  is  revolved,  this  color  clumges  from  blue  to  yellow  to  red,  and  it  is  found 
that  in  some  cases  this  change  is  produced  by  revolving  the  nicol  to  the  right,  and  in  other 
cases  to  Uie  left;  the  first  is  true  with  right-handed  crystals,  and  the  second  with  Idft-handed. 
If  sections  of  a  ri^t-handcd  and  left-handed  crystal  are  placed  together  in  the  polariscope, 
the  center  of  the  mterference-figure  is  occupied  with  a  four-rayed  spiral  curve,  called,  from 
the  discoverer,  Airy*8  spirai.  Twins  of  quartz  crystals  are  not  uncommon,  consisting  of 
the  combination  of  right-  and  left-handeci  individuals  (according  to  the  Brazil  law)  whidi 
show  these  spirals  of  Airy.  With  cinnabar  similar  phenomena  are  observed.  Twins  of 
this  species  also  not  infrequently  show  Airy's  spirals  in  the  polariscope. 

396.  Summary  of  the  Optical  Characters  of  Uniaxial  Crystals.  —  All 
sections  of  uniaidal  crystals  show  double  refraction  except  those  that  are  cut 
parallel  to  the  basal  plane.  All  doubly  refracting  sections  show  parallel  ex- 
tinction. When  viewed  in  convergent  polarized  light  with  crossed  nicols  all 
sections  show  a  characteristic  uniaxial  interference  figure  except  those  that 
lie  in  the  prism  zone  of  the  crystal  or  that  are  only  slightly  incUned  to  that 
zone.  All  doubly  refracting  sections  have  two  refractive  indices  correspond- 
ing to  the  two  extinction  directions :  one  of  these  is  always  co  and  the  other  has 
a  value  (eO  ranging  from  ci>  to  e,  dependent  on  the  incUnation  of  the  section  to 
the  optic  axis.  Dark  colored  minerals  may  show  dichroism.  Tetragonal 
and  hexagonal  substances  cannot  be  distinguished  from  each  other  by  optical 
tests.  They  may  be  at  times  told  apart  by  characteristic  cross  sections  of 
their  crystals. 

C.  Biaxial  Crystals 
Oeneral  Optical  Rdationa 

The  crystals  of  the  remaining  systems,  i.e.,  the  orthorhombic,  monochnic, 
and  trichnic  belong  optically  to  what  is  known  as  the  Biaxial  Group. 

396.  The  Belutvior  of  Light  in  Biaxial  Crystals.  —  In  biaxial  crystals 
there  are  three  especially  important  directions  at  right  angles  to  each  other 
which  are  designated  as  X,  Y,  and  Z  (also  a,  6,  and  c).  These  three  direc- 
tions are  sometimes  spoken  of  as  axes  of  elasticity  in  reference  to  certain 
assumed  differences  in  the  ether  along  them.  The  nature  of  these  three  direc- 
tions is  as  follows.  Light  which  results  from  vibrations  parallel  to  X  (axis  of 
greatest  elasticity)  is  propagated  with  the  maximum  velocity;  that  from  vibra- 

*  Very  thin  sections  of  quartz,  however,  show  (6.(7.,  with  the  microscope)  the  dark  cross 
of  an  ordmary  uniaxial  crystal. 
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tioDB  parallel  to  Z  (axis  of  least  elasticity)  with  minimum  velocity;  and  that 
from-  vibrations  parallel  to  Y  with  an  intermediate  velocity.  It  is  to  be 
emphasized  that  these  directions,  X,  Yy  and  Z  refer  to  direction^  of  vibration 
and  not  to  directions  of  propagation.  Corresponding  to  the  maximum,  inter- 
mediate, and  minimum  fight  velocities  are  three  principle  indices  of  refraction, 
designated  respectively  as  a,  /3,  and  7.  Of  these  a,  belonging  to  light  with  the 
maximum  velocity,  wUl  have  the  least  value  and  7  belonging  to  li^t  with  the 
minimum  velocity,  will  have  the  greatest  value.  The  value  of  /8  will  be  inter- 
mediate between  the  other  ,^ 
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two,  sometimes  being 
nearer  to  a  and  at  other 
times  being  nearer  to  7;  it 
is  not  the  arithmetical 
mean  between  them.  The 
various  methods  of  deter- 
mining the  values  of  these 
three  principal  indices  of 
refraction  will  be  consid- 
ered in  a  later  article. 

In  studying  the  prop- 
agation of  light  within  a 
biaxial  crystal  let  it  be 
assumed  that  Fig.  572 
represents  a  rectangular 
paraUelopiped  in  which 
the  front  to  back  axis  is 
the  direction  X,  the  left  to 
right  axis  is  7,  and  the 
vertical  axis  is  Z.  In 
connection  with  the  figure  and  those  which  follow  it  is  helpful  to 
make  use  of  a  model  (a  pasteboard  box  would  answer)  orientated  so  that  its 
longer  edge  runs  from  front  to  back,  its  mean  edge  from  left  to  right  and  its 
shortest  edge  vertical,  corresponding  to  the  X,  F,  and  Z  directions  of  the  figure. 
In  the  development  of  the  figures  that  follow  it  has  been  assumed  that  the 
three  principle  indices  of  refraction  are  a  =  1.5,  /8  =  1.6,  7  =  2.5,  a  difference 
between  a  and  7  far  exceeding  anything  observed  in  actual  crystals.  In 
general,  this  difference  does  not  exceed  0.1;  hence  it  is  necessary  to  greatly 
exaggerate  the  actual  values  in  order  that  the  phenomena  may  be  distinctly 
shown  by  diagrams  drawn  on  a  small  scale. 

In  the  discussion  that  follows  it  will  be  assumed  that  light  originates  at  the 
center  of  a  crystal,  0,  Fig.  572,  and  the  endeavor  will  be  made  to  determine 
the  character  of  the  rays  which  radiate  from  0  in  all  directions.  The  simplest 
directions,  and  the  ones  which  in  reality  are  the  most  important,  are  those 
that  lie  in  the  axial  planes  of  the  figure,  XOF,  YOZ,  and  XOZ.  These  will 
be  considered  first. 

Consider  the  plane  of  the  X  and  Y  directions,  Fig.  572.  Light  will  radiate 
from  0  toward  X  and  Y  and  in  all  intermediate  directions  with  vibrations 
parallel  to  Z  and  hence  traveling  with  a  uniform  and  at  the  same  time  mini- 
mimi  velocity,  I/7.  The  distance  such  light  will  travel  in  a  given  moment  of 
time  may  be  plotted  by  drawing  a  circle  about  0  with  the  radius,  I/7,  Fig. 
573.    In  the  (firection  OX  there  must  also  travel  a  second  polarized  ray  result- 
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ing  from  vibrations  parallel  to  OF,  hence  traveling  with  mean  velocity  1//9. 

lAewise  in  the  direction  OY  there  will  be  a  ray  resulting  from  vibrations 

parallel  to  OX,  hence  travel- 
ing with  the  maximum 
velocity,  1/a.  In  all  direc- 
tions intermediate  between 
X  and  Y  the  light  velocities 
will  be  proportional  to  the 
radii  of  an  elUpse  having 
1//3  and  1/a  respectively  as 
its  semi-minor  and  semi-major 
diameters,  Fig.  573.  In  the 
plane  of  the  X  and  Y 
directions,  therefore,  in  a 
given  moment  of  time  light 
will  radiate  from  the  center 
as  ordinary  and  extraordinary 
rays,  the  wave  fronts  being 
represented  by  a  circle  within 
an  ellipse. 

Consider  next  the  plane  of 
the  Y  and  Z  directions,  Fig. 
572.      Light     will     radiate 

from  0  toward   Y  and  Z   and   in   all   intermediate   directions    resulting 

from  vibrations  parallel  to  OX.    It  will  therefore  travel  with  uniform  and  the 

maximum  velocity,  1/a.   The 

distance  traveled  in  a  given 

moment    of    tune    may   be 

plotted  by  drawing  a  circle 

about    0   with    the    radius 

1/a,    Fig.     574.      Likewise 

there    will    travel     in     the 

direction  OF  a  second  ray 

resulting     from     vibrations 

parallel   to  OZj  hence  mov- 
ing    with      the     minimum 

velocity,   I/7.      Also  in  the 

direction  OZ  there  will  be  a 

ray  resulting  from  vibrations 

parallel    to    OY    with    the 

velocity    1//3.     In  directions 

intermediate  between  Y  and 

Z  the  Ught  velocities  will  be 

proportional  to  the  radii  of 

an   ellipse   having   I/7   and 

\/fi  respectively  as  its  semi- 
minor  and   semi-major 

diameters.     Fig.     574.      In 

the  plane  of  the  Y  and  Z  directions,  therefore,  in  a  given  moment  of  time,  light 

will  radiate  from  the  center  as  ordinary  and  extraordinary  rays,  the  wave 

fronts  being  represented  by  an  ellipse  within  a  circle. 
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The  last  and  most  important  plane  to  be  considered  is  that  of  the  X  and  Z 
directions,  Fig.  672.  Light  will  radiate  from  0  toward  X  and  Z  and  all  in- 
termediate directions  with  vibrations  parallel  to  OF,  hence  traveling  with  a 
uniform  and  intermediate  veloc- 
ity, 1//8.  The  distance  traveled 
in  a  given  moment  of  time  is 
represented  in  Fig.  575  by  the 
circle  with  the  radius  l/fi. 
There  will  likewise  travel  in  the 
direction  OZ  a  ray  resulting 
from  vibrations  parallel  to  OX, 
hence  moving  with  the  max- 
imum velocity,  1/a.  Also  a 
ray  will  travel  in  the  direction 
OX  with  vibrations  parallel  to 
OZy  hence  having  the  minimum 
velocity,  1/7.  Li  intermediate 
positions  the  light  velocity  will 
be  proportional  to  the  radii  of 
an  elhpse  with  1/a  and  I/7 
respectively  as  its  semi-major 
and  semi-minor  diameters,  Fig. 
575.  In  the  plane  of  the  X  and 
Zdirecjbions,  therefore,  in  a  given 
moment  of  time,  tight  will 
radiate  from  the  center  as  or- 
dinary and  extraordinary  rajrs, 
the  wave  fronts  represented- by  a  circle  intersectinjg  an  eUipse.  It  is  to  be 
noted  that  in  this  last  plane  there  are  four  points  where  the  two  wave 

g^Q  fronts   coincide.     In  other 

words,  tight  travelii^  along 
the  radial  lines  connecting 
these  points  will  be  moving 
with  uniform  velocity  and 
consequently  along  these 
directions  there  will  be  no 
double  refraction.  These 
directions  are  known  as  the 
optic  axes  of  the  crystal 
and  since  there  are  two  of 
them  the  optical  group  is 
spoken  of  as  biaxial.  The 
character  of  these  optic 
axes  will  be  more  fully 
developed  in  a  later  article. 
In  the  above  paragraphs 
the  wave  fronts  for  tight 
moving  in  the  three  prin- 
cipal optical  planes  of  the 
crystal  have  been  discussed.  Fig.  576  represents  the  wave  fronts  in  these 
three  planes  as  they  appear  when  boimding  one  octant.    The  complete  wave 
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surfaces  for  light  propagated  in  all  directions  consist  of  warped  figures 

which  conform  to  the  circular  or  elliptical  wave  fronts  already  described  in 

the  three  principal  planes  and  have  intermediate  positions  elsewhere.    The 

only  satisfactory  way  to  represent  these  complete  surfaces  is  by  means  of 

a  model. 

397.  Biaxial  Indicatriz.  —  It  is  found  further  that  the  optical  structure 

of  a  biaxial  crystal  can  be  represented  by  an  ellipsoid,  .known  as  the  tndteatrix, 

having  as  its  axes  three  lines  which  are  at  right 
angles  to  each  other  and  proportional  in  length  to 
the  indices  a,  fi,  y.  This  is  analogous  to  the  similar 
figure  for  liniaxial  crystals  describe  in  Art.  382. 

This  ellipsoid,  whose  axes  represent  in  magnitude 
the  three  principal  refractive  indices,  a  /8,  7  (where 
a  <  p  <  y)j  (see  Fig.  577),  not  only  exhibits 
the  character  of  the  optical  symmetry,  but  from  it 
may  be  derived  the  direction,  velocity  and  plane  of 
vibration  of  any  light  ray  traversing  the  crystal. 

In  general  it  may  be  stated  that  the  character  of 
the  two  light  rays  which  result  from  a  single  incident 
ray  may  be  derived  from  a  study  of  that  elliptical 
section  of  the  indicatrix  which  is  normal  to  the 
incident  ray.  If  this  section  happens  to  be  one  of 
the  three  principal  sections  of  the  indicatrix,  ABAB^ 
ACAC,  or  BCBC,  Fig.  577,  its  major,  and 
minor  diameters  give  the  directions  of  vibration 
and  their  semi-lengths  the  indices  of  refrac- 
tion of  the  two  rays.  If  the  incident  ray  has  some 
direction    different    from    the   directions   of    the 

three  axes  of  the  indicatrix  ellipsoid  the  derivation  of  the  character  of  the 

two  refracted  rays  is  not  as  simple.    Let  Fig.  578  represent  such  an  elliptical 

section  normal  to  the  inclined  ray  L-L.    In  this  case  the  major  and  minor 

diameters  R-O-R  and  r-O-r  of  the 

elliptical  section  lie  in  the  vibration 

planes  of  the  two  rays  but  the 

directions     of    vibration    of    the 

latter  will  be  somewhat  inclined 

to  the  elliptical  section.     These 

directions    of    vibration   may  be 

obtained  by  erecting  normals  to 

the  surface  of  the  indicatrix  at 

the  points    R    and  r  where  the 

major  and  minor  diameters  of  the 

elliptical  section  meet  that  surface. 

These  normals  RN  and  m,  when 

extended  to  the  line  of  the  incident 

ray  Lr^Ly  yield  the  directions  of 

vibration  and  the  refractive  indices  of  the  two  refracted  rays.     Their  direc- 
tions of  transmission  (the  lines  OS  and  OT)  will  be  perpendicular  to  these 

normals  and  since  neither  of  the  latter  lie  in  the  elliptical  section  both  rays 

will  be  refracted  and  behave  as  extraordinary  rays. 

There  are  two  special  sections  of  the  indicatrix  that  require  notice.    The 
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line  B-O-B  (Fig.  577)  is  longer  than  the  line  A-O-A  but  shorter  than  the  line 
C-O-C.  Obviously,  in  some  position  intermediate  between  A-O-A  and 
C-O-C  there  will  be  a  diameter  of  the  ellipse  AC  AC  which  will  be  equal  in 
length  to  B-a^B.  There  are  two  such  lines,  as  S-O-S  and  S'-O-S'  m  Kg. 
577.  The  major  and  minor  diameters  of  these  sections  of  the  indicatrix, 
BSBS  and  BS'BS',  are  equal  and  the  sections  therefore  become  circles.  Con- 
sequently light  passing  through  a  section  of  a  crystal  cut  parallel  to  either  of 
these  circular  sections  of  its  indicatrix  will  have  a  uniform  velocity  and  may 
vibrate  in  any  transverse  direction.  In  other  words,  there  will  be  no  double 
refraction  along  the  lines  normal  to  these  two  sections.  These  lines  consti- 
tute what  are  &own  as  the  primary  optic  axes  of  the  crystal;  see  further  in 
Art.  398. 

The  major  and  minor  diameters  of  any  section  of  the  indicatrix  yield  the 
traces  upon  that  section  of  the  planes  of  vibrations  of  the  two  rays  into  which 
the  ray  normal  to  the  section  is  refracted.  In  other  words,  the  major  and  minor 
diameters  of  the  elliptical  section  of  the  indicatrix  give  the  directions  of  extinc- 
tion of  a  crystal  section  having  this  optical  orientation.  Further,  these 
extinction  directions  bisect  the  angles  made  by  the  traces  upon  the  section  of 
two  planes,  each  of  which  includes  the  pole  of  the  section  and  one  of  the  two 
optic  axes.  This  may  be  demonstrated  by  aid  of  Fig.  579  which  represents 
a  general  elliptical  section  of  an  indicatrix.  A-A  and  B-B  are  the  niajor  and 
minor  diameters  of  the  ellipse  and  so  represent  the  extinction  directions  of  the 
mineral  section.  C-C  and  C'-C'  represent  the  intersections  of  the  two  circu- 
lar sections  of  the  indicatrix  with  this  elliptical  section.  As  these  lines  are 
diameters  of  equal  circles  they  must  be  equal  in  length  and  it  therefore  follows 
from  the  geometrical  nature  of  an  ellipse  that  the  angles  AOC  and  AOC  are 
equal.  Let  the  line  P-P  represent  the  intersection  with  this  elliptical  section 
of  a  plane  in  which  lie  the  normal  to  the  section  and  one  of  the  optic  axes. 
Sincf^  this  plane  includes  an  optic  axis  it  must 
be  pe^ndicular  to  the  circular  section  of 
the  indicatrix  of  which  the  line  C'-C  is  a 
diameter.  Also  since  this  plane  includes  the 
normal  to  the  elliptical  section  under  consid- 
eration it  niust  be  at  right  angles  to  the 
latter  plane.  Under  these  conditions  it  is 
obvious  that  the  lines  P-P  and  C'-C'  in  Fig. 
579  must  be  at  right  angles  to  each  other. 
In  the  same  way  it  can  be  proved  that  the 
lines  P'-P'  and  C-C  are  also  at  right  angles 
to  each  other.  Since  the  angles  AOC  and 
AOC'  are  equal  and  the  angles  POC  and 
P^OC  are  also  equal  it  follows  that  the  angles 
AOF^and  AOP'  are  likewise  equal.  In  other 
words  the  lines  A-A  and  B-B  representing 
the  directions  of  extinction  of  the  section 
bisect  the  angles  made  by  the  traces  upon 
the  section  of  the  two  planes  which 
respectively  pass  through  each  optic  axis  and 
the  normal  to  the  section.  This  fact  will  be 
made  use  of  later,  see  Art.  407,  in  explaining  the  characters  of  the  biaxial 
interference  figure. 
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398.  Primary  and  Secondary  Optic  Axes.  —  It  has  already  been  stated 
(Art.  397)  that  there  are  two  directions,  namely,  those  nonnal  to  the  circular 

cross  sections  of  the  indicatrix  (SS,  S'S^, 
Fig.  577)  in  which  all  light  is  propagated 
with  uniform  velocity.  Hence  in  these 
directions  there  can  be  no  double  refraction 
within  a  crystal;  nor  is  there  when  the  ray 
emerges.  These  two  directions  bear  so  close 
an  analogy  to  the  optic  axes  of  a  uniaxial 
crystal  that  they  are  also  called  optic  axes, 
and  the  crjrstals  here  considered  are  hence 
named  bumoZ.  In  Fig.  575,  which  represents 
a  cross  section  of  the  wave-surfaces  in  the 
plane  of  the  X  and  Z  directions,  these  optic 
axes  have  the  direction  SS,  S'S'  normal  to 
the  tangent  planes  tt,  t't\  and  the  direction 
of  the  external  wave  is  ^ven  by  the  normal 
Sa  (Fig.  580). 

Properly  speaking  the  directions  mentioned 
are  those  of  the  primary  optic  axes,  for  there 
are  also  two  other  somewhat  analogous  directions,  PP,  P'P\  of  Fig.  575, 
called  for  sake  of  distinction  the  secondary  optic  axes.  The  properties  of  the 
latter  directions  are  obvious  from  the  following  considerations. 

In  the  section  of  the  wave-surface  shown  in  Fig.  575  (also  enlarged,  in  Fig. 
680),  corresponding  to  the  axial  plane  XZ,  it  is  seen  that  the  circle  with  radius 

•T  intersects  the  ellipse  whose  major  and  minor  axes  are  -  and  -  in  the  four 
P  (X         y 

points  P,  P,  P',  P'.  Corresponding  to  these  directions  the  velocity  of  propa- 
gation is  obviously  the  same*  for  both  rays.  Hence  within  the  crystal  these 
rays  travel  together  without  double  refraction.  Since,  however,  there  is 
no  common  wave-front  for  these  two  rays  (for  the  tangent  for  one  ray  is  repre- 
sented by  mm  and  for  the  other  by  nriy  Fig.  580)  they  do  suffer  double  refrac- 
tion on  emerging;  in  fact,  two  external  light-waves  are  formed  whose  directions 
are  given  by  the  normals  P/a  and  Pv,  These  directions,  PP,  P'P',  therefore, 
have  a  relatively  minor  interest,  and  whenever,  in  the  pages  following,  optic 
axes  are  spoken  of,  they  are  always  the  primary  optic  axes,  that  is,  those  having 
the  directions  SS,  S'S'  (Fig.  575),  or  OS,  Fig.  580.  In  practice,  however,  as 
remarked  in  the  next  article,  the  angular  variation  between  the  two  sets  of 
axes  is  usually  very  small,  perhaps  1^  or  less. 

899.  Interior  and  Exterior  Conical  Refraction.  —  The  tangent  plane  to  the  wave-surface 
drawn  normal  to  the  line  OS  through  the  point  S  (Fig.  580)  may  oe  shown  to  meet  it  in  a 
small  circle  on  whose  circumference  lie  the  points  S  and  T.  This  circle  is  the  base  .of  the 
interior  cone  of  rays  SOT,  whose  remarkable  properties  will  be  briefly  hinted  at.  If  a 
section  of  a  biaxial  crystal  oe  cut  with  its  faces  normal  to  OSy  those  parallel  rays  belonging 
to  a  cylinder  having  this  circle  as  its  base,  incident  upon  it  from  without,  will  be  propagated 
within  as  the  cone  SOT.  Conversely,  rays  from  within  corresponding  in  position  to  the 
surface  of  this  cone  will  emerge  pardUd  and  form  a  circular  cylinder.  This  phenomenon 
is  called  interior  conical  refraction. 

On  the  other  hand,  if  a  section  be  cut  with  its  faces  normal  to  OP^  those  rays  having 
the  direction  of  the  surface  of  a  cone  formed  by  perpendiculars  to  mm  and  nn  will  be  propa- 
gated within  parallel  to  OP^  and  emer^ng  on  the  other  surface  form  without  a  similar  cone 
on  the  other  side.    This  phenomenon  is  called  exterior  conical  refraction. 

In  the  various  figures  given  (573-580)  the  relations  are.  much  exaggerated  for  the  sake 
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of  deameBs:  in  practice  the  relativelv  small  difference  between  the  indices  of  refraction 
a  and  y  makes  this  cone  of  small  angular  size,  rarely  over  2*^. 


400.  Optic  Axial  Angle.  Bisectrices.  Positive  and  Negative  Bu 
Crystals.  —  The  optic  axes  alwayis  lie  in  the  plane  of  the  X  and  Z  optical 
directions;  this  plane  is  called  the  optic  axial  plane  (or,  briefly,  ax.  pL).  It  is 
obvious  from  a  consideration  of  the  indicatrix  ellipsoid  that  the  position  of 
its  circular  sections  and  consequently  of  the  optic  axes  normal  to  them,  will 
vary  with  a  variation  in  the  relative  values  of  the  indices  of  refraction.  As 
alr^uly  stated  the  index  /3  is  not  an  arithmetical  mean  between  a  and  y  but 
may  at  times  be  nearer  to  a  than  to  7  or  the  reverse.  As  these  relations 
change,  the  shape  of  the  indicatrix  and  the  position  of  its  circular  sections  and 
the  angle  between  the  optic  axes  will  also  change.  The  mathematical  relations 
between  the  optic  axial  angle  and  the  principle  refractive  indices  are  given  in 
the  next  article.  From  the  above  it  is  obvious  that  for  certain  relative  values 
of  the  refractive  indices,  the  optic  angle  must  be  90**.*  Such  a  case,  however. 
is  rarely  observed  and  when  it  occurs  it  is  true  for  light  of  a  certain  color  f 
(wave-length)  only  and  not  for  others. 

The  X  and  Z  optical  directions  bisect  the  angles  between  the  optic  axes 
and  are  therefore  known  as  hUectrices,  The  one  that  bisects  the  acute  axial 
angle  is  called  the  acute  bisectrix  (or  Bx^  while  the  one  bisecting  the  obtuse 
angle  is  the  obtuse  bisectrix  (or  Bxo).  If  the  word  bisectrix  is  used  alone  with- 
out special  qualification  it  is  alwa3rs  to  be  understood  as  referring  to  the  acute 
bisectrix. 

Either  X  or  Z  may  be  the  acute  bisectrix.  If  X  is  the  acute  bisectrix  the 
substance  is  said  to  be  optically  negaiioe,  while  if  Z  is  the  acute  bisectrix  it  is 
optically  positive. 

Roughly  expressed,  the  optic  axes  will  lie  nearer  to  Z  than  to  X  —  that  is, 
Z  will  be  the  bisectrix  —  when  the  value  of  the  intermediate  index,  |8,  is  nearer 
to  that  of  a  than  to  that  of  y.  It  is  obvious  (cf .  Fig.  575)  that  in  this  case,  as 
the  angle  diminishes  and  becomes  nearly  equal  to  zero,  the  form  of  the  ellip- 
soid then  approaches  that  of  the  prolate  spheroid  of  the  positive  uniaxial 
crystal  as  its  limit  (Fig.  557,  p.  256) ;  this  shows  the  appropriateness  of  the 
+  sign  here  used. 

On  the  other  hand,  the  optic  axes  will  lie  nearer  to  X  than  to  Z  -^  that  is, 
X  will  be  the  bisectrix  —  if  the  value  of  the  mean  index  /8  is  nearer  to  that  of 
y  than  to  that  of  a.  Such  a  crystal,  for  which  Bxa  =  X,  is  called  optically 
negative.  In  this  case  the  smaller  the  angle  the  more  the  ellipsoid  approaches 
the  oblate  spheroid  of  the  negative  imiaxial  crystal  (Fig.  556,  p.  256). 

The  foUowing  are  a  few  examples  of  positive  and  negative  biaxial  crystals: 

Positive  (-h).  Negative  (— ). 

Sulphur.  Aragonite. 

Enstatite.  H3rpersthene. 

Topaz.  Muscovite. 

Barite.  Orthoclase. 

Chrysolite.  Epidote. 

Albite.  Axinite. 

*  The  axial  angle  will  equal  90**  when  the  indices  satisfy  the  following  equation: 

i -i  =  i  -1 
a«       ^       /3«       y*' 
t  For  danburite  axial  angle  »  SO""  14'  for  green  (thallium)  and  90°  14'  for  blue  (CuSO*). 


278 


PHYSICAL  MINERALOOT 


401.  Relation  of  the  Axial  Angle  to  the  Refractive  Indices.  —  If  in  a 
given  case  the  values  of  a,  p,  and  y  are  known,  the  value  of  the  interior  optic 
axial  angle  known  as  2V;  see  also  Art.  408}  can  be  calculated  from  them  by 
the  following  formulas: 


ootfF 


1^ 

/3« 


1^ 
a* 


1^ 


or    tan*  V  = 


1 

P" 


l^ 

P" 


ExaminaJtion  of  Biaxial  Crystala  in  Polarized  Light 

402.  Sections  in  Parallel  Polarized  Light  with  Crossed  Nicols. 

Interference  Colors,  Thin  sections  of  biaxial  crsrstals  when  examined  between 
crossed  nicols  in  general  show  some  interference  color.  This  color  will  depend 
upon  the  following  factors:  ihe  thickness  of  the  section,  —  the  thicker  the  sec- 
tion the  higher  the  order  of  color;  the  birefringence  of  the  sybstance,  —  the  higher 
the  birefringence  (i.e.,  the  greater  the  difference  between  the  vsJues  of  a  and 
7)  the  higher  the  order  of  color;  the  optical  orientation  of  the  section,  —  in  gen- 
eral; the  nearer  the  section  comes  to  being  parallel  to  the  optic  axial  plane, 
in  which  lie  the  vibration  directions  of  the  fastest  and  slowest  rajrs,  the  higher 
will  be  its  birefringence  and  the  order  of  its  interference  color. 

Extinction  Directions.  A  section  which,  in  general,  is  colored  will  show  dur- 
ing a  complete  revolution  on  the  microscope  stage  four  positions  at  90°  inter- 
v^  in  which  it  appears  dark.  These  are  the  positions  of  extinction,  or  are 
those  positions  in  which  the  .vibration  planes  of  the  section  coincide  with  those 
of  the  nicols.  When  the  directions  of  extinction  of  a  section  are  parallel  or 
at  right  angles  to  a  crystallographic  axis  or  to  the  trace,  upon  the  section,  of 
a  crystaQogn^hic  axial  plane  it  is  said  to  show  parallel  extinction.    If  the 

extinction  directions  are  not  parallel  to  these 
crystallographic  directions  the  extinction  is 
said  to  be  inclined. 

For  example,  in  Fig.  581,  let  the  two  larger 
rectangular  arrows  represent  the  vibration 
directions  for  the  two  nicols,  and  between 
which  suppose  a  section  of  a  biaxial  crystal, 
abcdy  to  be  placed  so  that  one  edge  of  a  known 
crystallographic  plane  coincides  with  the  direc- 
tion of  one  of  these  lines.  The  vibration 
directions  of  the  section  are  indicated  by  the 
dotted  arrows  and  as  in  this  position  of  the 
^  section  these  directions  do  not  coincide  with  the 

vibration  directions  of  the  nicols  the  section  will 
appear  light.  The  section  will  have  to  be  turned  to  the  position  a'b'cfd' 
in  order  to  achieve  this  coincidence  and  so  bring  about  extinction.  The 
angle  (indicated  in  the  figure)  which  it  has  been  necessary  to  revolve  the 
plate  to  obtain  the  effect  described,  is  the  angle  which  one  of  the  vibration 
directions  in  the  given  plate  makes  with  the  given  crystallographic  edge  ad] 
it  is  called  the  extinction  angle, 

403.  Measurement  of  the  Extinction  Angle.  —  It  frequently  becomes 
important  to  measure  as  accurately  as  possible  the  extinction  angle  of  a  sec- 
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tion.  This  is  most  commonly  done  with  a  microscope  which  is  provided  with 
a  revolving  stage  having  a  graduated  circle  for  measuring  angles  of  rotation. 
In  order  to  measure  an  extinction  angle  it  is  of  course  necessary  to  be  able  to 
locate  in  the  section  some  definite  crystallographic  direction.  This  is  usually 
provided  by  some  crystal  outline  or  cleavage  crack.  This  crystallographic 
direction  is  brought  parallel  to  one  of  the  cross-hairs  of  the  microscope  and 
the  angular  position  of  the  microscope  stage  noted.  Then  the  stage  is  rotated 
imtil  the  section  shows  its  maximum  darkaess.  The  angle  between  these  two 
positions  is  the  angle  of  extinction  desired.  The  difficulty  in  the  measure- 
ment lies  in  the  accurate  determination  of  the  position  of  maximum  extinction. 
Frequently  it  is  possible  to  rotate  the  microscope  stage  through  an  arc  of  one 
to  two  degrees  without  any  appreciable  brightening  of  the  field.  It  will  help 
in  determining  the  point  of  maximum  extinction  if  the  plate  is  turned  beyond 
the  point  of  extinction  until  the  first  faint  illumination  is  observed  and  then 
back  in  the  other  direction  imtil  the  same  strength  of  illumination  occurs. 
The  point  half  way  between  these  two  positions  should  be  very  close  to  the 
point  desired.  The  measurements  should  be  repeated  a  number  of  times  and 
the  average  taken.  It  is  also  advisable  to  make  the  measurements  on  both 
sides  of  the  position  of  the  crystallographic  direction.  The  illumination  in 
most  cases  had  better  be  in  the  monochromatic  sodium-light. 

Various  devices  are  used  at  times  in  order  to  increase  the  accuracy  with 
which  the  position  of  maximum  extinction  can  be  determined.*  The  sensi- 
tive tint  is  sometimes  used  for  this  purpose.  If  this  is  inserted  in  the  diagonal 
slot  of  the  microscope  tube  below  the  analyzer  the  field  will  be  uniformly 
colored  red  of  the  first  order  when  the  section  on  the  microscope  stage  is  at 
the  position  of  extinction.  But  if  the  section  is  turned,  even  very  ^ghtly, 
from  this  position  it  will  also  affect  the  light  and  change  the  interference 
color  observed.  The  sensitive  tint  in  specially  favorable  cases  can  be  used 
in  this  way  to  advantage  but  it  has  been  shown  that  in  the  majority  of  cases 
its  use  does  not  materially  increase  the  accuracy  of  the  measurements. 

The  power  of  quartz  plates  cut  normal  to  the  vertical  crystallographic 
axis  to  rotate  the  plane  of  polarization  of  light  (see  Art.  394)  is  used  in  other 
devices  to  increase  the  accuracy  of  the  measurement  of  the  angle  of  extinction. 
The  Bertrand  ocular  contains  four  such  sectors  of  quartz;  two  of  these  placed 
diagonally  opposite  to  each  other  are  from  a  right-handed  quartz  crystal  while 
the  other  two  are  from  a  left-handed  crystal.  This  ocular  is  inserted  in  the 
microscope  tube  in  place  of  the  regular  ocular;  the  analyzer  is  pushed  out  of 
the  microscope  tube  and  a  nicol  prism  mounted  in  an  appropriate  holder  is 

placed  over  the  ocular.  If  this  upper  nicol  is  turned 
about  in  various  positions  it  will  be  noted  that,  in  general, 
opposite  quadrants  of  the  field  are  colored  alike  but  differ 
in  color  from  the  adjacent  quadrants,  see  Fig.  582.  But 
when  the  plane  of  the  cap  nicol  is  exactly  at  right  angles 
to  the  plane  of  the  polarizer  below  all  four  quadrants 
show  the  same  color.  If  a  double  refracting  mineral 
be  placed  on  the  stage  of  the  microscope  with  its  vibration 
Bertrand^cular      directions  parallel  to  those  of  the  nicols,  since  in  this 

position  it  has  no  birefringent  effect  upon  the  light,  the 
field  will  still  remain  imiformly  colored.    But  if  the  section  is  turned  from  its 

*  Detailed  descriptions  of  these  various  devices  with  comment  on  their  accuracy  aie 
given  by  F.  £.  Wright  in  The  Methods  of  Petrographic-Microscopic  Research. 
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position  of  extinction  its  birefringent  effect  is  added  to  that  of  the  two 
opposite  quadrants  of  the  ocular  and  subtracted  from  that  of  the  remaining 
two.  Consequently  adjacent  quadrants  become  differently  colored.  A  very 
slight  rotation  of  the  section  is  sufficient  to  produce  an  appreciable  effect. 

Another  microscope  accessory  using  the  same  principle  as  the  Bertrand 
ocular  is  the  so-called  bi-qiuxrtz  wedge  plate  described  by  Wright.  This  con- 
sists' of  two  adjacent  plates  of  quartz  cut  normal  to  the  c  crystid  axis,  one  from 
a  left-handed  and  the  other  from  a  right-handed  crystal.  Above  these  are 
placed  two  wedges  of  quartz,  a  right-handed  wedge  above  the  left-handed 
plate,  etc.  At  the  point  where  the  wedge  is  equal  in  thickness  to  the  plate 
beneath  there  will  be  zero  rotation  of  the  Ught  and  between  crossed  nicols  this 
will  produce  a  dark  line  across  the  field.  As  the  distance  increases  from  this 
point  the  amoimt  of  rotation  of  the  Ught  increases  equally  but  in  opposite 
directions  on  either  side  of  the  central  dividing  line  of  the  plate.  Both  halves 
of  the  plate  will  be  equally  illuminated  if  the  mineral  section  is  in  the  position 
of  extinction,  but  if  the  latter  is  turned  so  that  it  adds  or  subtracts  its  bire- 
fringent effect  to  that  of  the  quartz  plate  the  two  halves  become  differently 
iUimiinated.  By  moving  the  plate  in  or  out  a  position  can  be  found  where 
this  change  in  illumination  is  most  marked.  This  quartz  plate  is  used  with 
a  special  ocular  provided  with  a  slot  in  such  a  position  that  the  quartz  plate 
may  be  introduced  into  the  microscope  tube  at  the  focal  plane  of  the  ocular 
and  with  the  medial  line  of  the  plate  paralld  to  the  plane  of  vibration  of  the 
polarizer.    A  cap  nicol  is  used  above  the  ocular. 

404.  Determination  of  the  Birefringence  with  the  Microscope.  —  The 
value  of  the  maximum  birefringence  (7  ~  a)  is  obviously  given  at  once  when 
the  refractive  indices  are  known.  It  can  be  approximately  estimated  for  a 
section  of  proper  orientation  and  of  measured  thickness  by  noting  the  inter- 
ference-color as  described  in  Art.  347. 

406.  Determination  of  the  Relative  Refractive  Power.  —  The  relative 
refractive  power  of  the  two  vibration-directions  in  a  thin  section  is  readily 
determined  with  the  microscope  (in  parallel  polarized  light)  by  the  method  of 
compensation.  This  is  applicable  to  any  section,  whatever  its  orientation  and 
whether  uniaxial  or  biaxial.  The  methods  employed  have  already  been 
described  in  Art  348. 

A  crystal-section  is  said  to  have  positive  elongation  if  its  direction  of  exten- 
sion approximately  coincides  with  the  ether-axis  Z  ;  if  with  X  the  elongation 
is  negative.  The  same  terms  are  also  used,  in  genered,  according  to  the  relative 
refractive  power  of  the  two  directions. 

406.  Determination  of  the  Indices  of  Refraction  of  a  Biaxial  Mineral. 
—  The  indices  of  refraction  of  a  biaxial  mineral  are  determined  by  the  same 
methods  as  outlined  previously,  see  Art.  327,  the  only  modification  introduced 
being  necessitated  by  the  fact  that  three  principal  indices,  a,  0  and  7,  are  to 
be  determined. 

Mea,8urement  of  the  Angles  of  Refraction  by  Means  of  Prisms.  Two  or 
three  prisms  must  be  used  to  determine  the  three  indices.  If  three  prisms 
are  used  they  are  cut  so  that  their  edges  are  parallel  respectively  to  the  X,  F, 
and  Z  directions  of  the  mineral.  In  the  case  of  an  orthorhombic  mineral,  in 
which  these  directions  are  parallel  to  the  directions  of  the  three  crystallo- 
graphic  axes,  the  prism  edges  would  have  to  be  respectively  parallel  to  the 
a,  b,  and  c  crystal  axes.  In  crystals  of  the  monoclinic  and  triclinic  systems 
the  proper  orientation  of  the  three  prisms  is  a  matter  of  considerable  difficulty. 
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Each  such  prism  will  yield  two  refracted  and  polarized  rays  but  only  the  one 
whose  light  has  its  vibrations  parallel  to  the  edge  of  the  prism  (to  be  deter- 
mined by  the  use  of  a  nicol)  is  considered.  In  certain  cases  all  three  indices 
may  be  obtained  from  two  prisms.  If  one  prism  is  cut  so  that  not  only  is  its 
edge  parallel  to  one  of  the  directions  X,  Y,  and  Z  but  so  that  its  medial  plane 
contains  not  only  this  direction  but  one  other,  then  by  the  use  of  the  method 
of  TninimiiTn  deviation  an  index  may  be  determined  from  each  of  the  two 
refracted  rays.  Or  with  a  small  angle  prism  cut  so  that  one  of  its  faces  con- 
tains two  of  these  directions  the  corresponding  two  indices  may  be  determined 
when  the  method  of  perpendicular  incidence  is  used  upon  this  face.  In  mak- 
ing these  measurements  it  is  important  to  note  the  crystallographic  directions 
parallel  to  which  the  different  rays  vibrate.  In  this  way  the  optical  orienta- 
tion in  respect  to  the  crystallographic  directions  can  be  determined. 

Mdhod  of  Total  Reflection.  The  method  of  total  reflection  for  determining 
the  indices  of  refraction  of  a  biaxial  mineral  has  the  obvious  advantage  that 
only  polished  plates  of  the  mineral  are  required  instead  of  carefully  orientated 
prisms.  In  general,  the  plane  surface  of  a  plate  will  give  with  the  total 
ref  ractometer  two  boundaries  of  total  reflection.  Both  of  these  shadows  move 
when  the  section  is  rotated.  Four  readings  should  be  taken  corresponding 
to  the  maximum  and  minimum  positions  of  each  boundary.  The  largest  and 
smallest  angles  read  will  give  on  calculation  the  values  for  the  greatest  and 
least  indices  of  refraction,  i.e.,  7  and  a.  The  mean  index  of  refraction,  /3,  can 
be  derived  from  one  of  the  other  measurements.  There  are  certain  more  or 
less  compUcated  methods  by  which  these  two  intermediate  readings  can  be 
tested  in  order  to  prove  which  is  the  correct  one  for  the  index  /3.  It  is  com- 
monly simpler  to  make  use  of  another  plate  having  a  different  crystallographic 
orientation.  It  will  be  found  that  in  the  second  plate  one  of  the  intermecUate 
angles  corresponds  with  one  already  observed  on  the  first  plate  while  the 
second  angle  shows  no  such  correspondence.  The  angle  that  is  common  to 
the  two  plates  is  the  one  desired.  If  the  plate  is  orientate  so  that  its  plane 
contains  two  of  the  three  optical  directions,  X,  Y  and  Z,  all  three  indices  can 
be  obtained  easily  from  the  single  plate.  In  this  case  one  of  the  boundaries 
of  total  reflection  is  stationary  for  different  positions  of  the  plate.  This 
corresponds  to  the  ray  whose  vibrations  are  normal  to  the  surface  of  the  plate. 
The  other  boundary  will  vary  its  position  as  the  plate  is  rotated  and  yield  at 
its  maximum  and  minimum  positions  the  angles  corresponding  to  the  other 
two  indices  of  refraction. 

407.  Sections  of  Biaxial  Crystals  in  Convergent  Polarized  Light.  —  In 
general,  sections  of  biaxial  crystals  when  exajnined  in  convergent  polarized 
light  show  interference  figures.  The  best  and  most  symmetrical  figures  are 
to  be  observed  when  the  section  has  been  cut  perpendicular  to  a  bisectrix, 
and  preferably  to  the  acute  bisectrix.  If  such  a  section  is  examined  under 
the  conditions  described  in  the  case  of  uniaxial  crystals,  see  Art.  389,  figures 
similar  to  those  shown  in  Fig.  583  will  be  observed.  When  the  axial  plane, 
i.e.,  the  plane  including  the  two  optic  axes,  lies  parallel  to  the  direction  of 
vibration  of  the  polarizer  the  figure  is  similar  to  that  of  Fig.  583,  A.  When 
these  two  directions  are  inclined  at  a  45°  angle  the  figure  is  Uke  that  shown  in 
Fig.  583,  B. 

First  consider  the  interference  figure  in  the  parallel  position.  Fig.  583,  A 
and  when  viewed  in  monochromatic  Ught.  It  consists  of  two  black  bars  that 
form  a  cross  somewhat  similar  to  the  cross  of  a  uniaxial  figure.    The  horizon- 
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tal  bar  ia  thinner  and  better  defined  than  the  vertical  one.  About  two  points 
on  the  horizontal  bar,  there  will  be  observed  a  concentric  series  of  dark  ellip- 
tical curves  which,  as  they  enlarge,  coalesce,  forming  first  a  figiu«  eight  and 
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then  a  double  curve.  As  the  section  is  rotated  on  the  microscope  or  polar- 
iscope  stage,  the  black  bars  forming  the  cross  separate  at  the  center  and  curve 
across  the  field  pivoting  on  these  points  until  at  the  45°  position,  Fig.  583,  B, 
they  form  the  two  arms  of  a  hyperbola. 

A  biaxial  mineral  has  two  directions,  the  directions  of  the  optio  axes,  aloi^; 
which  light  travels  with  no  double  refraction.  At  these  points  there  would 
be  no  birefringence  and  consequently  dark  spots  would  result.  As  the  paths 
of  the  light  rays  become  inclined  to  the  directions  of  the  optic  axes  the  light 
suffers  double  refraction  and  in  increasing  degree  as  the  amount  of  inclination 
becomes  greater.  Consequently  at  short  distances  away  from  these  points 
the  light  must  be  refracted  into  two  rays  which  have  a  difference  of  phase  of 
one  wave-length  for  a  certain  colored  light,  the  yellow  of  the  sodium  flame  in 
this  case.  The  result  will  be  extinguishment  at  such  [raints.  The  assem- 
blage of  all  points  where  the  difference  of  phase  equals  one  wave-length  yields 
the  first  dark  eUiptical-like  curve,  called  a  lemniscate,  shown  in  the  figure. 
Further  out  will  be  found  curves  embracing  the  points  where  the  difference  of 
phase  is  two  wave-lengths,  three  wave-lengths,  etc.  Q* 

If  the  interference  figure  is  viewed  in  daylight  instead  of  the  monochtxK? 
matic  light  the  black  curves  will  be  replaced  by  colored  ones.     Each  colored 
curve  is  produced  by  the  elimination  from  the  white  light  of  some  particular 
wave-length  of  light  on  account  of  the  interference  explained  above. 

The  convergent  bundle  of  light  rays  that  pass  through  the  section  will  each 
have  its  own  particular  plane  of  vibration.  The  directions  of  the  planes  of 
vibration  for  light  emerging  from  the  section  at  any  given  point  can  be  found, 
as  explained  in  Art.  397,  by  bisecting  the  angles  made  by  two  lines  connecting 
this  point  with  the  two  points  of  emergence  of  the  optic  axes.  Fig-  584  shows 
how  the  direction  of  vibration  of  the  two  rays  emerging  from  given  points 
can  be  obtained  in  this  way.  These  directions  of  vibration  vary  over  the 
field  and  consequently  some  of  them  must  always  be  parallel  or  very  nearly 
BO  to  the  planes  of  vibration  of  the  nicol  prisms.  When  this  happens  the  light 
is  extingubhed  and  darkness  results.  This  explains  the  formation  of  the  black 
bars  of  the  interference  figure.    Fig.  585  shows  the  bars  in  the  crossed  position 


CHABACTEBS  DEPENDING  UPON  UOHT 


283 


and  Fig.  586  when  separated  into  the  hyperbola  arms.  As  the  section  is 
turned  the  vibration  directions  of  new  points  successively  become  parallel 
to  the  planes  of  the  nicols  and  so  the  dark  bars  sweep  and  curve  across  the  field. 
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With  a  thick  section  or  one  of  a  mineral  of  high  birefringence,  the  number 
of  colored  curves  (when  the  figure  is  viewed  in  daylight)  is  greater  than  with 
a  thinner  section  or  one  with  low  birefringence.  An  instructive  experiment 
can  be  made  by  noting  the  changes  in  the  mterference  figure  obtained  from  a 
section  of  muscovite  as  the  mineral  is  cleaved  into  thinner  and  thinner  sheets. 
In  most  rock  sections  the  minerals  are  ground  so  thin  that  their  interference 
figures  do  not  show  any  colored  curves  but  rather  only  the  dark  hyperbola 
bars. 

The  biaxial  interference  figure  varies  in  appearance  with  the  change  in 
the  angle  between  the  optic  axes.  Where  this  angle  is  very  small  the  figure 
becomes  practically  the  same  as  that  of  a  uniaxial  crystal.  Where  this 
angle  becomes  greater  than  60^  the  points  of  the  emergence  of  the  optic  axes 
will  commonly  lie  outside  the  microscope  field.  In  the  latter  case  the  hyper- 
bola arms  will  appear  as  the  section  is  brought  into  the  parallel  position,  form 
a  cross,  and  then  as  the  section  is  further  revolved  will  curve  out  of  the  field 
again.  The  larger  the  axial  angle  the  more  rapidly  will  the  bars  disappear 
from  the  field.  A  comparative  measurement  of  the  axial  angles  of  two 
minerals  can  be  made  by  noting  the  angle  through  which  the  microscope  stage 
has  to  be  turned  in  order  to  cause  the  bars  to  leave  the  field.  The  system  of 
lenses  must  be  kept  the  same  for  the  two  experiments.  Or  by  experimenting 
with  various  minerals  with  known  axial  angles  a  scale  could  be  derived  for  a 
certain  microscope  and  system  of  lenses  so  that  the  axial  angle  of  any  other 
mineral  could  be  approximately  measured  in  this  way. 

A  symmetrical  interference  figure  may  also  be  obtained  from  a  section  cut 
perpendicular  to  the  obtuse  bisectrix.  In  general,  the  obtuse  axial  angle  is 
considerably  larger  than  the  acute  angle  and  the  interference  figure  will  differ 
therefore  in  this  respect  from  that  obtained  from  the  section  cut  perpendicular 
to  the  acute  bisectrix. 

It  is  important  to  be  able  to  recognize  the  biaxial  interference  figures 
which  are  obtained  from  inclined  sections.  They  are  chiefly  characterized 
by  the  fact  that  the  hyperbola  bars  curve  as  they  cross  the  field.  This  charac- 
teristic distinguishes  the  figure  from  an  eccentric  uniaxial  figure  in  which  the 
bars  of  the  cross  move  in  straight  lines  as  the  section  is  turned.  Fig.  587 
shows  in  the  row  A  a  series  illustrating  the  appearance  in  different  positions 
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of  the  figure  when  the  section  is  sightly  inclined  to  the  bisectrix.  In  row  B, 
a  Beriee  where  the  section  is  cut  perpendicular  to  an  optic  axis  and  the  hyper- 
bola bar  revolves  in  the  field  as  upon  a  pivot.    In  this  case  the  bar  curves 
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with  its  convex  side  toward  the  acute  bisectrix.  If  the  axial  angle  was  90° 
there  would  be  no  distinction  between  acute  and  obtuse  bisectrices  and  the 
bar  would  then  revolve  as  a  straight  line.  Therefore  such  a  figure  indicates 
by  the  amount  of  the  curvature  of  the  bar  the  size  of  the  axial  angle.  The 
figures  ^ven  by  planes  cut  nearly  normal  to  an  optic  axis  are  often  of  great 
use  in  the  optical  examination  of  a  mineral.  Sections  which  will  furnish  them 
are  easily  found  by  noting  those  sections  of  the  mineral  that  remain  dark  or 
nearly  so  during  their  rotation  between  crossed  nicols.  If  the  single  bar 
shown  in  such  a  figure  exhibits  a  decided  curvature  it  indicates  that  the 
direction  of  the  acute  bisectrix  is  not  very  much  inclined  to  the  plane  of  the 
section  and  consequently  its  character,  whether  X  or  Z,  can  be  determined  by 
noting  the  character  of  that  extinction  direction  which  symmetrically  bisects 
the  curve.  From  this  observation  the  positive  or  negative  character  of  the 
mineral  can  be  determined.  In  row  C,  Fig.  587,  is  shown  a  series  of  figures 
where  the  section  has  a  still  greater  inclination.  A  section  cut  parallel  to  the 
axial  plane  does  not  give  a  decisive  interference  figure.  Often  it  is  difficult  to 
distinguish  it  from  the  figure  obtained  from  a  section  cut  parallel  to  the  optic 
axis  of  a  uniaxial  mineral,  see  Art.  392.  It  should  be  pointed  out  that,  while 
in  general  the  interference  figures  of  these  two  optical  classes  are  to  be  clearly 
distinguished  from  each  other,  cases  may  arise  in  which  such  differentiation 
is  difficult  if  not  impossible. 

408.  Measurement  of  the  Axial  Angle.  —  The  determination  of  the  angle 
made  by  the  optic  axes  is  most  accurately  accomplished  by  use  of  the  instru- 
ment shown  in  Fig.  588.  The  section  of  the  crystal,  cut  at  right  angles  to  the 
bisectrix,  is  held  in  the  pincers  at  p,  with  the  plane  of  the  axes  horizonial,  and 
making  an  angle  of  45°  with  the  vibration-plane  of  the  nicols.  There  is  a 
cross-wire  in  the  focus  of  the  eyepiece,  and  as  the  pincers  holding  the  section 
are  turned  by  the  screw  at  the  top  (here  omitted)  one  of  the  axes,  that  is,  one 
black  hyperbola,  is  broi^ht  in  coincidence  with  the  vertical  cross-wire,  and 
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then,  by  b  further  revolution,  the  second.  The  angle  which  the  section  has 
been  turned  from  one  axis  to  the  second,  as  read  off  at  the  vernier  on  the 
graduated  drde  above,  is  the  ajyparerU  angle  for  the  axes  of  the  given  crystal 


Axial  An^  Apparatus 
as  seen  in  the  air  (oca  =  2E,  Fig.  589).    It  is  only  the  apparent  angle,  for,  on 
passing  from  the  section  of  the  crystal  to  the  air,  the  true  axial  angle  is  more  or 
less  increased,  according  to  the  refractive  power  of  the  given  crystal.     The 
relation  between  the  real  interior  angle  and 
the  nieasured  angle  is  given  below,  "* 

If  the  axial  angle  is  large,  the  axes  may  ib' 

suffer  total  reflection.    In  this  case  some        ■^  j  /» 

oil  or  hquid  with  a  high  refractive  power  ^v  1-,^  v' 

is   interposed  so  that  the   axes  will   no  \^         I    ^v/^ 

longer  he  totally  reflected  but  emerge  into 
the  liquid  and  thence  mto  the  air.  In  the 
instrument  described  a  small  receptacle  ^- 
holding  the  oil  is  brought  between  the 
tubes,  as  seen  in  the  figure,  and  the  pincers 
holding  the  section  are  immersed  in  this 
and  the  angle  measured  as  before. 

In  the  majority  of  cases  it  is  only  the 
acute  axial  angle  that  it  is  practicable  to 
meastire;  but  sometimes,  especially  when 
oil  (or  other  liquid)  is  made  use  of,  the  obtuse  angle  can  also  be  determined 
from  a  second  section  normal  to  the  obtuse  bisectrix, 

IS  E   =  the  apparent  semi-acute  axial  angle  in  air  (Fig.  589), 
Ha  =    "  "  "  "         "     in  oil, 

Ha  =    "  "        semi-obtuse  angle  in  oil, 

Va  =  the  (real  or  interior)  semi-acute  angle, 


^\ 
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Vo  s  the  (real  or  interior)  semi-obtuse  angle, 
n  =  refractive  index  for  the  oil  or  other  medium, 
P  :=  the  mean  refractive  index  for  the  given  crystallized  substance, 
the  following  simple  relations  connect  the  various  quantities  mentioned: 

mnE  =  P  sin  Va]  sin  £  =  n  sin  Ha]  sin  Va  =  -  sin  Ha)  sin  F©  =  -  sin  H^ 

p  P 

These  formulas  give  the  true  interior  angle  (2V)  from  the  measured 
apparent  angle  in  air  (2£)  or  in  oil  (2^)  when  the  mean  refractive  index  (0) 
is  known. 

409.  Axial  Angle  Measured  with  the  Microscope.  —  Approximate  measurements  of 
the  axial  angle  may  be  made  by  various  methods  with  the  microscope.  In  most  cases  some 
sort  of  a  micrometer  ocular  is  used  which  contains  an  engraved  scale.  By  means  of  this 
scale  the  distance  between  the  points  of  emergence  of  the  optic  axes  can  be  determined. 
Mallard  *  showed  that  the  distsjice  of  any  point  from  the  center  of  the  interference  figure 
as  observed  in  the  microscope  is  very  closely  the  same  as  the  sine  of  the  angle  which  the 
ray  emerging  at  this  point  makes  with  the  axis  of  the  microscope.  The  MaUard  equation 
for  the  derivation  of  the  axial  angle  is  Z>  »  iC  sin  £,  in  which  D  equals  one  half  the  meas- 
ured distance  between  the  optic  axes  and  K  a  constant  which  vanes  with  the  microscope 
and  the  svstem  of  lenses  usea.  K  for  a  given  set  of  lenses  may  be  determined  by  observing 
the  interference  figures  derived  from  i)lates  of  minerals  with  known  axial  angles  and  then 
substituting  the  values  for  D  and  E  in  the  above  equation.  The  angular  values  of  the 
divisions  on  the  micrometer  scale  of  the  ocular  may  also  be  determined  directly  by  the  use 
of  an  instrument  known  as  the  apertometer.  The  measurement  of  an  axial  angle  by  means 
of  the  microscope  is  naturallv  most  easity  accomplished  when  the  points  of  emergence  of 
both  optic  axes  are  visible  in  the  field.  It  is  possible,  however,  bv  various  ingenious  methods 
to  determine  its  value  when  only  one  optic  axis  is  in  view.  These  methods  are  too  com- 
plicated and  too  seldom  used  to  be  explained  here  and  the  reader  is  referred  to  the  text 
books  on  the  methods  of  petrographic  investigation  for  their  details. t 

410.  Determination  of  the  Optical  Character  of  a  Biaxial  Mineral 
from  Its  Interference  Figure.  Use  of  the  Quartz  Wedge.  —  If  the  section 
is  turned  until  its  interference  figure  is  in  the  45^  position  and  then  the  quartz 
wedge  inserted  above  the  section  through  the  45°  slot  in  the  microscope  tube 
the  vibration  directions  of  the  section  along  a  line  that  joins  the  optical  axes 
and  a  line  at  right  angles  to  this  through  the  center  of  the  figure  will  be  paral- 
lel to  the  vibration  directions  of  the  quartz-wedge.  Under  these  circum- 
stances the  effect  of  the  introduction  of  the  quartz  wedge  will  be  to  gradually 
increase  or  diminish  along  these  lines  the  birefringence  due  to  the  section  alone. 
If  the  directions  of  vibration  of  the  faster  and  slower  rays  in  the  quartz  coin- 
cide with  the  vibration  directions  of  the  similar  rays  in  the  section,  the  total 
birefringence  will  be  increased  and  the  effect  upon  the  interference  figure  will 
be  as  if  the  section  had  been  thickened.  Complete  interference  will  take  place 
with  rays  of  less  obliquity  and  the  colored  curves  will  be  drawn  closer  together. 
They  will  move,  as  the  quartz  wedge  is  pushed  in  over  the  section,  as  indicated 
by  the  arrows  shown  in  Fig.  590.  On  the  other  hand,  if  the  quartz  wedge  is  so 
placed  that  its  optical  orientation  is  opposed  to  that  of  the  section,  the  effect 
will  be  the  same  as  if  the  section  was  being  gradually  thinned.  The  colored 
rings  about  the  points  of  the  optic  axes  will  expand  until  they  meet  in  the  cen- 
ter as  a  figure  eight  and  then  grow  outwards  as  a  continuous  curve.  The 
directions  of  their  movements  are  shown  by  the  arrows  in  Fig.  591.  There- 
fore, by  knowing  the  optical  orientation  of  the  quartz-wedge  and  noting  the 

•  Bull.  Soc.  Min.,  6,  7787,  1882. 

t  See  especially  Wright,  The  Methods  of  Petrographic  Microscopic  Research,  and 
Johannsen,  Manual  of  Petrographic  Methods. 
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effect  of  its  introduction  over  a  section  upon  the  interference  figure,  it  is  pos- 
sible to  determine  the  relative  character  of  the  two  important  extinction 
directions  of  the  sections;  that  is,  to  determine  whether  the  ray  vibrating  in 
the  plane  which  includes  the  optic  axes  is  faster  or  slower  than  the  one  which 
vibrates  in  the  plane  at  right  angles  to  this  direction. 

In  the  case  of  a  positive  mineral  the  acute  bisectrix,  which  in  a  sym- 
naetrical  interference  figure  is  the  direction  normal  to  the  section,  is  the 
direction  Z.  Consequently  the  direction  of  the  line  in  the  section  which 
passes  through  the  points  of  emergence  of  the  two  optic  axes  is  the  direction 
of  the  obtuse  bisectrix,  or  in  this  case  the  direction  X.  The  direction  Y  then 
will  lie  in  the  plane  of  the  section  and  at  right  angles  to  the  line  joining  the 
points  of  emergence  of  the  optic  axes.    In  the  case,  therefore,  of  a  positive 
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mineral,  the  faster  ray  has  its  vibrations  lying  in  the  optical  axial  plane 
With  a  negative  mineral  the  direction  X  becomes  the  acute  bisectrix  and 
will  be  normal  to  the  section,  while  the  direction  Z  will  lie  in  the  section 
along  the  line  connecting  the  points  of  emergence  of  the  optic  axes.  With 
a  negative  mineral,  therefore,  the  vibration  direction  wluch  lies  in  the 
optical  axial  plane  is  of  the  slower  ray.  By  finding,  therefore,  the 
relative  character  of  these  two  vibration  directions  the  optical  char- 
acter of  the  mineral  is  determined.  The  effects  produced  by  an 
interference  figure  which  is  perpendicular  to  an  obtuse  bisectrix  would  be 
exactly  opposite  to  those  described  above.  It  is  imperative,  therefore,  that 
the  positions  of  the  two  bisectrices  be  definitely  known.  With  sections  that 
are  very  thin  or  with  minerals  of  low  birefringence  the  interference  figure  may 
show  only  the  black  hyperbolas  without  any  colored  rings.  In  such  cases, 
frequently  the  introduction  of  the  quartz  wedge  in  such  a  position  that  its 
optical  orientation  is  parallel  to  that  of  the  section  will  suffice  to  so  thicken 
the  section  in  effect  as  to  cause  the  appearance  of  colored  rings.  Further,  with 
such  sections  it  is  possible  to  establish  the  directions  in  the  section  that  are 
parallel  and  at  right  angles  to  the  trace  upon  the  section  of  the  optical  axial 
plane.  Then,  by  use  of  the  sensitive  tint,  when  the  convergent  lens  has  been 
removed  the  character  of  the  vibrations  parallel  to  these  two  directions  is 
easily  determined. 
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411.  Absorption    Phenomena    of    Biaxial    Crystals.    Pleochroism.  — 

Colored  biaxial  crystals  Uke  similar  uniaxial  crystals  may  show  different  de- 
grees or  kinds  of  absorption  of  the  light  passing  through  them  depending  upoa 
the  direction  of  vibration  of  the  light.  In  biaxial  crystals  there  may  be  three 
different  degrees  of  absorption  corresponding  to  three  different  directions  of 
vibration  l3ang  at  right  angles  to  each  other.  In  general,  these  directions  co- 
incide with  the  optical  directions  X,  Y,  and  Z.  Variations  from  this  parallel- 
ism may  be  observed,  however,  in  crystals  of  the  monoclinic  and  triclinic 
systems.  It  is  customary,  however,  to  describe  the  absorption  as  it  is  ob- 
served parallel  to  the  directions  X,  Y,  and  Z.  If  light  vibrating  parallel  to 
X  is  the  most  absorbed  and  light  vibrating  parallel  to  Z  is  the  least  absorbed 
these  facts  are  expressed  asX  >  Y  >  Z.  There  are  various  other  pc^bili- 
ties,  such  as  X  >  F  =  Z,  Z  >  X  >  F,  etc.  Further,  according  to  the  kind 
of  selective  absorption,  the  crystal  may  show  distinctly  different  colors  for 
c\  ''light  vibrating  in  the  different  directions,  or  in  general  show  pleochrmsm. 
The  cl^acter  of  the  pleochroism  is  stated  by  giving  the  colors  correspond- 
ing to  the  vibrations  parallel  to  X,  F,  and  Z.  For  instance,  in  the  case  of 
ruheckUe,  X  =  deep  blue,  F  =  light  blue,  Z  =  yellow-green.  In  order  to 
investigate  the  absorption  properties  of  a  biaxial  crystal  at  jieast  two  sections 
must  be  obtained  in  which  will  lie  the  directions  X,  F,  and  Z.  These  sec- 
tions are  examined  on  the  stage  of  the  polariscope  or  microscope  without  the 
upper  nicol.  They  will  show  as  they  are  rotated  upon  the  stag^variations 
in  absorption  and  in  color  as  the  light  passing  through  them  vibrates  parallel  to 
first  one  and  then  the  other  of  th^ir  vibration  directions.  See  the  discussion 
of  dichroism  in  uniaxial  minerals,  Art.  393. 

When  a  section  cut  normal  to  an  optic  axis  of  a  cr^rstal  characterised  b^  a  high  degree 
of  color-absorption  is  examined  by  the  eye  alone  (or  with  the  microscope)  m  strongly  con- 
verging light,  it  often  shows  the  so-called  epoptic  figures^  poUxrizaHon-brushes,  or  nouppes 
somewhat  resembling  the  ordinary  axial  interference-figures.  This  is  true  ot  andalusite, 
epidote.  iolite,  also  tourmaline,  etc.  A  cleavage  section  of  epidote  ||c(001)  held  dose  to  the 
eye  and  looked  through  to  a  bright  sky  shows  the  polarization-brusnes,  here  brown  on  a 
green  ground.  These  figures  are  caused  by  the  light  being  differently  absorbed  as  it  passes 
througn  the  section  with  different  degrees  of  inclination. 

In  certain  minerals  small  circular  or  elliptical  spots  may  be  observed  in  which  the  pleo- 
chroism is  stronger  than  in  the  surrounding  mineral.  These  are  commonly  spoken  of  as 
vieockroic  halos.  They  are  found  to  surround  minute  inclusions  of  some  other  mineral. 
There  have  been  many  diverse  theories  to  account  for  these  '^halos"  but  recently  it  has 
been  shown  that  they  are  probably  due  to  some  radioactive  property  of  the  inclosed  crystal. 
Pleochroic  hales  have  been  observed  in  biotite,  iolite,  andalusite,  pyroxene,  hornblende, 
tourmaline,  etc.,  while  the  included  crystals  belong  to  allanite,  rutde,  titanite,  sircon,  apa- 
tite, etc. 

Special  Optical  Characters  of  Ortharhombic  Cryatah 

412.  Position  of  the  Ether-axis.  —  In  the  orthorhombic  system,  in 
accordance  with  the  symmetry  of  the  crystallization,  the  three  axes  of  the 
indicatrix,  that  is,  the  directions  X,  F,  and  Z,  coincide  with  the  three  ciystal- 
lograp^ic  axes,  and  the  three  crystallographic  axial  planes  of  symmetry  cor- 
respond to  the  planes  of  symmetry  of  the  ellipsoid.  Further  than  this,  there 
is  no  immediate  relation  between  the  two  sets  of  axes  in  respect  to  magnitude, 
for  the  reason  that,  as  has  been  stated,  the  choice  of  the  crystallographic 
axes  is  arbitrary  so  far  as  relative  length  and  position  are  concerned,  and  hence 
made,  in  most  cases,  without  reference  to  the  optical  character. 

Sections  of  an  orthorhombic  crystal  parallel  to  a  pinacoid  plane  (a(lOO), 
b(OlO),  or  c(001))  appear  dark  between  crossed  nicols,  when  the  axial  directions 
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coincide  with  the  vibration-planes  of  the  m'cols;  in  other  ^ords,  such  sections 
show  parallel  extinction. 

The  same  is  true  of  all  sections  that  are  parallel  to  one  of  the  three  crys- 
tallographic  axes,  i.e.,  sections  lying  in  the  prism,  macrodome  and  brachydome 
zones.  Sections,  however,  that  are  inclmed  to  all  three  crystallographic 
axes,  i.e.,  pyramidal  sections,  will  show  inclined  extinction. 

413.  Determination  of  the  Plane  of  the  Optic  Axes.  —  The  plane  of 
the  optic  axeSf  that  is,  the  plane  including  the  directions  X  and  Z,  must  be 
parallel  to  one  of  the  three  pinacoids.  Further,  the  acute  bisectrix  must  be 
normal  to  one  of  the  two  pinacoids  that  are  at  right  angles  to  the  optic  axial 
plane  while  the  obtuse  bisectrix  is  normal  to  the  other  such  pinacoid.  The 
optical  orientation,  i.e.,  the  relation  between  the  principal  optical  and  crystal- 
lographic directions,  can  be  easily  determined  by  the  examination  of  sections 
of  a  crystal  which  are  cut  parallel  to  the  three  pinacoids.  To  illustrate  by 
an  Sample,  let  it  be  assumed  that  such  sections  of  the  mineral  aragonite  are 
available.    These  are  represented  in  Fig.  592,  A,  B,  and  C.    If  the  relative 
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characters  of  the  vibration  directions  of  each  section  are  determined  it  will  be 
found  that  light  vibrating  parallel  to  the  c  axis  in  sections  parallel  to  (100) 
and  (010)  is  in  both  cases  moving  with  the  greater  velocity,  that  Ught  vibrat- 
ing parallel  to  the  b  axis  in  (100)  and  (001)  is  in  both  cases  the  slower  ray,  and 
that  light  vibrating  parallel  to  the  a  axis  is  the  faster  ray  in  (001)  but  the  slower 
ray  in  (010).  From  this  it  is  seen  that  the  a  axis  must  coincide  with  the  direc- 
tion of  vibration  of  the  ray  having  the  intermediate  velocity,  or  be  the  same 
as  the  optical  direction  F.  Also  it  follows  that  c  axis  =  X  and  b  axis  ^  Z. 
The  optic  axial  plane,  therefore,  since  it  must  include  X  and  Z,  lies  parallel  to 
(100).  If  the  sections  parallel  to  (001)  and  (010)  are  examined  in  convergent 
Ught  both  will  show  biaxial  interference  figures  with  the  points  of  emergence 
of  the  optic  axes  lying  as  illustrated  in  B  and  C,  Fig.  592.  The  axial  aiigle 
observed  with  the  section  parallel  to  (001)  is  much  smaller  than  that  obtained 
from  (010).  Consequently  the  acute  bisectrix  is  normal  to  the  base  (001) 
and  since  it  is  the  direction  X  the  mineral  is  optically  negative.  These  facts 
of  optical  orientation  may  be  summarized  in  the  statements:  optically  —  , 
Ax.pl.  II  a(100),Bxa±c(001). 
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414.  Dispersion  of  the  Optic  Axes  in  Orthorhombic  Crystals.  —  In 

determining  the  indices  of  refraction  of  a  crystal  by  means  of  the  prism  method 
it  is  to  be  noted  that  when  the  incident  ray  is  of  white  light  the  refracted  ray 
will  in  general  show  this  white  light  dispersed  into  its  primary  colors.  The 
amount  of  this  dispersion  is  usually  small  but  in  certain  substimces  becomes 
considerable.  Obviously  since  the  angle  of  refraction  varies  in  this  way 
with  the  different  wave-lengths  of  light  the  indices  of  refraction  will  also  vary. 
In  biaxial  minerals,  as  already  stated,  the  optic  axial  angle  is  directly  depend- 
ent upon  the  relative  values  of  the  three  indices  of  refraction,  a,  P,  and  y. 
As  these  indices  may  show  considerable  differences,  depending  upon  the 

wave-length  of  the  refracted  ray,  it  follows 
that  the  optic  axial  angle  will  also  vary  with 
the  color  of  the  light  used.  In  other  words, 
the  optic  axes  may  be  dispersed.  Fig.  593 
represents  such  a  case  in  which  the  angle 
between  the  optic  axes  for  red  light  is 
greater  than  that  for  blue.  The  opposite 
condition  may  hold,  in  which  the  angle  for 
blue  is  greater  than  for  red.  From  this  it 
follows  that  the  interference  figure  when 
observed  in  blue  light  will  not  exactly  co- 
incide with  that  produced  by  red  light. 
The  bisectrices  of  both  figures  wiU  be  the 
same  but  the  position  of  the  points  where 
the  optic  axes  emerge  will  be  different  and 
consequently  the  positions  of  the  hyper- 
bolas and  lemniscate  curves  will  also  be 
different.  In  the  case  of  orthorhombic 
crystals  the  dispersion  will  always  be  symmetrical  to  the  two  symmetry 
planes  of  the  indicatrix  that  pass  through  the  acute  bisectrix,  i.e.,  the  direc- 
tions M-M  and  N-N  594  595 
in  Figs.  594  and  595.  ^ 
This  particular  type  of  ^ 
dispersion  is  said  to  be 
OrOiorhombic  Diaper- 
sion,  in  order  to  distin- 
guish it  from  that  ob-  p 
served  in  biaxial  crys- 
tals of  other  systems. 
The  two  possible  cases 
of  orthorhombic  disper- 
sion are  shown  in  Figs.                    1 

594  and  595.  Inexpres-  ^=^*',^,_    ,_     ,..    ,^        •    "'"'' 

sing  these  two  cases  the  Orthorhombic  Dispersion 

Greek  letters  p  (for  red)  and  v  (for  violet)  are  used.  When  the  axes  for  red 
light  are  more  dispersed  than  those  for  blue  that  fact  is  expressed  as  p  >  v 
or  in  the  reverse  case  it  is  p  <  u. 

In  the  majority  of  cases  the  effect  produced  upon  the  interference  figure 
by  the  dispersion  of  the  optic  axes  is  too  sUght  to  be  noted.  In  exceptional 
cases  where  the  amount  of  dispersion  is  large  the  effects  are  clearly  seen.  The 
hyperbola  bars,  which  are  ordinarily  black  throughout,  will,  when  the  figure 
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is  obfierved  in  white  light,  be  seen,  near  the  center,  to  be  bordered  on  one  side 
by  a  red  fringe  and  on  the  other  by  a  blue  one.  The  first  one  or  two  of  the 
colored  lemniscates  will  also  be  broadened  out  along  the  line  joining  the  two 
optic  axes.  As  already  stated  these  changes  in  the  appearance  of  the  figure 
^mH  always  be  symmetrical  in  respect  to  the  traces  of  the  two  synmietry  planes 
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lying  at  right  angles  to  each  other.  In  the  case,  Fig.  594,  where  the  axes  for 
red  light  are  farther  apart  than  those  for  blue  (p  >  u),  the  hyperbolas  in  the 
interference  figure  for  the  two  different  wave-lengths  of  light  will  not  coincide 
and  the  ones  where  the  red  light  is  extinguished  will  be  farther  out  than  those 
for  blue  light.  When  red  light  is  taken  out  of  the  white  light,  blue  remains, 
and  conversely  when  blue  is  subtracted  the  resultant  color  is  red.  Conse- 
quently in  this  case  the  hyperbola  bars  will  be  bordered  on  their  concave  sidas 
by  blue  and  on  their  convex  sides  by  red.  Fig.  596.  In  the  other  case,  where 
p  <  u,  the  hyperbolas  will  be  bordered  on  their  concave  sides  by  red  and  on 
their  convex  sides  by  blue.  Fig.  597.  In  other  words,  if  blue  light  shows  at  the 
larger  angle  it  means  that  red  light  has  been  eliminated  from  these  positions 
and  the  optic  axes  for  red  are  more  dispersed  than  those  for  blue,  etc. 

Special  Optical  Characters  of  Monodinic  Crystals 

416.  Optical  Orientation  of  Monoclinic  Crystals.  —  In  monoclinic  crys- 
stals  there  is  one  axis  of  symmetry,  the  b  crystsdlographic  axis,  and  one  plane 
of  symmetry,  the  plane  of  the  a  and  c  crystallographic  axes.  These  are  the 
only  crystallographic  elements  that  are  definitely  fixed  in  position.  One  of 
the  three  chief  optical  directions,  X,  Y,  or  Z,  is  coincident  with  the  b  crystal- 
lographic axis,  while  the  other  two  lie  in  the  sjrmmetry  plane,  (010),  but  not 
parallel  to  any  crystal  direction.  There  are  obviously  three  possible  cases. 
If  Y  coincides  with  the  axis  b  (and  this  is  apparently  the  most  common  case) 
the  directions  X  and  Z  will  lie  in  the  crystal  symmetry  plane,  which  therefore 
becomes  the  optic  axial  plane.  If  X  or  Z  coincides  with  the*  6  axis  the  optic 
axial  plane  will  be  at  right  angles  to  (010)  and  either  the  acute  or  obtuse  bisec- 
trix will  be  normal  to  that  plane.  This  clino-pinacoid  of  a  monoclinic  crystal 
is  usually  the  best  plane  upon  which  to  study  its  optical  orientation.  Fig. 
598  represents  such  a  section  cleaved  from  an  ordinary  crystal  of  gypsum. 
The  cleavages  parallel  to  (100)  and  (111)  will  9^rve  to  give  its  crystallo- 
graphic orientation.  Examination  of  the  section  in  convergent  light  fails  to 
show  a  distinct  interference  figure,  consequently  it  is  to  be  assumed  that  the 
section  itself  is  parallel  to  the  optic  axial  plane  and  that  the  direction  Y  is 
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imately  perpendicular  to  the  acute  bisectrix)  is  symmetrical  to  the  line  M~M 
but  unsymmetrical  in  respect  to  the  line  N-N.  Vi%.  604  shows  the  effect  of 
horieontal  dispersion  upon  the  interference  figure. 


Case  3.   Crossed    Disperswn. 
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In  this  case  the  crystallographic  axis  b 
coincides  with  the  acute  bisectrix, 
which  may  be  either  the  X  or  Z  direc- 
tion depending  upon  the  optical  char- 
acter of  the  crystal.  In  this  case  the 
direction  of  the  acute  bisectrix  is  fixed 
for  light  of  all  wave-lengths.  The 
angle  between  the  optic  axes  may  vary 
and  further  the  position  of  the  axial 
planes  for  different  wave-lengths  may 
vary  as  long  as  they  remain  perpendic- 

isn  ular  to  the  crystallographic  symmetry 
plane.  A  case  of  this  sort  is  shown 
in  Fig.  605.  The  points  of  emer- 
gence of  the  optic  axes  when  p  >  u  f  or 
blue  and  red  light  might  therefore  be 
like  that  shown  in  Fig.  606.  It  will  be 
seen  that  in  this  case  the  figure  is  sym- 
metrical to  neither  the  line  M-M  nor 
N~N  but  only  to  the  central  point  of 
the  figure,  i.e.,  the  point  of  emergence 
of  the  acute  bisectrix.     Fig,  607  shows 


the  effect  of  crossed  dispersion  upon  the  interference  figure. 
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Spedcd  Optical  Characters  of  Tridinic  Crystals 

418.  Optical  Orientation  of  Triclinic  Crystals.  —  The  center  of  the 
optical  ellipsoidal  figure  coincides  with  the  center  of  the  system  of  cr3rstallo- 
graphic  axes  but  there  is  ijo  further  correspondence  between  optical  and  crys- 
tallographic  directions. 

419.  Extinction  in  Triclinic  Crystals.  —  Since  there  is  no  parallel  rela- 
tion existing  between  optical  and  crystallographic  directions  in  triclinic  crys- 
tals all  sections  will  show  inclined  extinction. 

420.  Dispersion  in  Triclinic  Crystals.  —  Because  of  the  lack  of  coinci- 
dence between  any  optical  and  crystallographic  direction  in  triclinic  crystals  it 
follows  that  the  optic  axes  and  bisectrices  for  different  wave-lengths  of  light 
may  be  dispersed  in  any  direction.  Consequently  the  dispersion  shown  in 
an  interference  figure  obtained  from  a  triclinic  crystal  is  irregular  and  without 
S3rminetry. 

421.  Suggestions  as  to  Methods  and  Order  of  Optical  Tests  upon  an 
[Tnknown  Mineral.  —  Preparation  of  Material  The  size  and  character  of 
the  fragments  or  section  of  a  mineral  to  be  studied  will  depend  upon  various 
circumstances.  In  the  majority  of  cases  it  will  probably  be  most  convenient 
to  crush  the  mineral  into  small  uniform  sized  fragments.  In  other  cases  a 
cleavage  flake  of  the  mineral  will  serve,  and  under  still  other  conditions  it  may 
be  preferable  to  cut  an  unorientated  or,  better,  an  orientated  section.  For  at 
least  the  preUminary  examination  small  irregular  fragments  of  varying  orienta- 
tion will  most  often  be  used.  Take  a  few  of  these  mineral  grains  and  place 
them  upon  an  object  glass  and  immerse  ^them  either  in  Canada  balsam  or  in 
some  oil  with  known  refractive  index  and  cover  with  a  piece  of  thin  cover 
glass.  In  the  majority  of  cases  it  will  prove  more  expeditious  and  conven- 
ient to  place  the  fragments  in  an  oil. 

Order  of  Optical  Tests,  Below  is  given  a  brief  outline  of  the  natural  order 
of  observations  and  tests  to  be  made  upon  the  mineral. 

1.  Observations  in  plane  polarized  lighJt  withont  the  upper  nicoL 

a.  Note  color  of  mineral,  whether  uniform  or  not. 

b.  By  rotating  slide  on  microscope  stage  test  for  possible  pleochroism. 

If  the  mineral  exhibits  pleochroism  it  cannot  be  isotropic.  Con- 
nect as  far  as  possible  the  directions  of  absorption  with  crystal- 
lographic directions. 

c.  Note  crystal  outUne,  if  any;  cleavage  cracks,  etc. 

d.  Note  any  inclusions,  their  shape  and  arrangement. 

e.  Index  of  refraction.    Determine  approximately  the  refractive  index. 

Note  character  of  reUef  and  determine  whether  mineral  has  a 
higher  or  lower  index  than  the  medium  in  which  it  is  immersed 
(see  Art.  326). 

2.  Observations  in  plane  polarized  light  with  crossed  nicols. 

a.  If  the  section  is  dark  between  crossed  nicols  and  remains  so  during 
the  rotation  of  the  stage  the  mineral  is  either  isotropic  or 
orientated  perpendicular  to  an  optic  axis.  In  the  latter  case  test 
as  indicated  below  under  3a. 

6.  If  the  section  is  alternately  light  and  dark  during  the  rotation  of  the 
stage  the  mineral  is  anisotropic. 

c.  Note  position  of  extinction  directions.  If  they  are  inclined  to  some 
known  crystallographic  direction  measure  the  angle  of  inclina- 
tion. 
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d.  Determine  the  relative  character  of  the  two  vibration  directions  of 

the  section  (i.e.,  the  two  extinction  directions),  as  to  which  cor- 
responds to  the  faster  and  which  to  the  slower  ray.  Test  to  be 
made  with  quartz  wedge  or  sensitive  tint,  see  Art.  348. 

e.  Find  the  grain  showing  the  highest  order  of  interference  color  and 

so  approximately  determine  the  strength  of  the  mineral's  bire- 
fringence. 
/.  By  immersion  in  oils  of  known  refractive  indices  determine  as 
accurately  as  possible  the  range  of  the  refractive  indices  shown 
by  the  mineral.  It  may  be  possible  in  connection  with  tests 
made  under  3  to  determine  the  values  for  certain  of  the  prin- 
cipal refractive  indices. 
3.  Observations  in  convergent  polarized  light  with  crossed  nicols. 

a.  Note  whether  the  mineral  shows  an  interference  figure,  and  if  so 

whether  it  is  uniaxial  or  biaxial. 

b.  If  mineral  is  uniaxial  determine  the  position  of  the  optic  axis  in 

respect  to  the  plane  of  the  given  section  and  if  possible  determine 
the  positive  or  negative  character  of  the  mineral. 

c.  If  the  mineral  is  biaxial  determine  the  position  of  the  axial  plane  in 

respect  to  the  section.  Determine,  if  possible,  the  positive  or 
negative  character  of  the  mineral.  Obtain,  if  possible,  an  approx- 
imate idea  as  to  the  size  of  the  axial  angle.  Note  any  evidences 
of  dispersion. 

Note.  —  In  making  the  above  tests  it  is  helpful  to  keep,  as  far  as  possible, 
a  graphic  record  of  the  results,  something  like  that  illustrated  in  Fig.  592. 

422.  Effect  of  Heat  upon  Optical  Characters.  —  The  general  effects  of 
heat  upon  crystals  as  regards  expansion,  etc.,  are  spoken  of  later.  It  is  con- 
venient, however,  to  consider  here,  briefly,  the  changes  produced  by  this 
means  in  the  special  optical  characters.  It  is  assumed  that  no  alteration  of 
the  chemical  composition  takes  place  and  no  abnormal  change  in  molecular 
structure.  In  general,  the  effect  of  a  temperature  change  causes  a  change  in 
the  refractive  indices.  In  the  majority  of  cases  the  indices  decrease  in 
value  with  rise  of  temperature  but  in  certain  cases  the  reverse  is  true.  It 
is  consequently  important  in  any  exact  statement  of  a  refractive  index  to 
give  the  temperature  at  which  it  was  determined.  The  particular  facts  for 
the  different  optical  classes  are  as  follows: 

(1)  Isotropic  crystals  remain  isotropic  at  all  temperatiu'es.  Crystals,  how- 
ever, which,  like  sodium  chlorate  (NaC10«  of  Class  5,  p.  72),  show  circular 
polarization  may  have  their  rotatory  power  altered;  in  this  substance  it  is  in- 
creased by  rise  of  temperature. 

(2)  Uniaxial  crystals  similarly  remain  uniaxial  with  rise  or  fall  of  tempera- 
ture; the  only  change  noted  is  a  variation  in  the  relative  values  of  w  and  €,  that 
is,  in  the  strength  of  the  double  refraction.  This  increases,  for  example,  with 
calcite  and  grows  weaker  with  beryl  and  quartz.  It  is,  further,  interesting  to 
note  that  the  rotatory  power  of  quartz  increases  with  rise  of  temperature,  but 
the  relation  for  all  parts  of  the  spectrum  remains  sensibly  the  same. 

(3)  With  Biaxial  crystals,  the  effect  of  change  of  temperature  varies  with 
the  system  to  which  they  belong. 

The  axial  angle  of  biaxial  crystals  may  be  measured  at  any  required  temperature  by  the 
use  of  a  metal  air-bath.  This  is  placed  at  P  (Fig.  588)  and  extends  bevond  the  instrument 
on  either  side,  so  as  to  allow  of  its  being  heated  with  gas-burners;  a  thermometer  inserted 
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in  the  bath  makes  it  possible  to  regulate  the  temperature  as  may  be  desired.  This  bath  has 
two  openings,  closed  with  dass  puktes,  corresponding  to  the  two  tubes  carrying  the  lenses, 
and  tne  crystal-sec tion,  held  as  usual  in  the  pincers,  is  seen  through  these  glass  windows. 
Suitable  accessories  to  the  refractometer  also  allow  of  the  measurement  of  the  refractive 
indices  at  different  temperatures. 

In  the  case  of  orthorhombic  crystals,  the  position  of  the  three  rectangular 
ether-axes  cannot  alter,  since  they  must  always  coincide  with  the  crystallo- 
graphic  axes.  The  values  of  the  refractive  indices,  however,  may  change,  and 
hence  with  them  also  the  optic  axial  angle;  indeed  a  change  of  axial  plane  or 
of  the  optical  character  is  thus  possible. 

With  monoclinic  crystals,  one  ether-axis  must  coincide  at  all  temperatures 
with  the  axis  of  symmetry,  but  the  position  of  the  other  two  in  the  plane  of 
symmetry  may  alter,  and  this,  with  the  possible  change  in  the  value  of  the 
refractive  indices,  may  cause  a  variation  in  the  degree  (or  kind)  of  dispersion  as 
well  as  in  the  axial  angle. 

With  tridinic  crystals,  both  the  positions  of  the  ether-axes  and  the  values 
of  the  refractive  indices  may  change.  The  observed  optical  characters  may 
therefore  vary  widely. 

A  striking  example  of  the  change  of  optical  characters  with  change  of  temperature  bi 
furnished  by  gypsum,  as  investigated  by  Des  Cloizeaux.  At  t>rdinary  temperatures,  the 
dispersion  is  inclmed,  the  optic  axial  plane  is  1 1 6(010)  and  2Et  »  95°.  As  the  temperature 
rises  this  angle  diminishes:  thus,  at  47^  2Et  -  76^;  at  d5^  2Et  »  30'';  and  at  ll^^  iEr  »  0. 
At  this  last  temperature  the  axes  for  blue  rays  have  already  separated  in  a  plane  X  6(010); 
at  120°  the  axes  for  red  rays  dso  separate  in  this  plane  (±  6)  and  the  dispersion  becomes 
horizonidi.  The  motion  toward  the  center  of  one  red  axis  is  more  rapid  than  that  of  the 
other,  namely,  between  20°  and  95°,  one  axis  moves  33°  55'  while  the  other  moves  only 
22°  38';  thus  Bxr  moves  5°  38'. 

Another  interesting  case  is  that  of  glauberite.  Its  optical  characters  under  normal  con- 
ditions are  described  as  follows:  Opti<^y  — .  Ax.pl.  J.  6(010),  Bxa.r  A  c  axis  =«  —31°  3'. 
Bx».7  A  c  axis  =  -30°  46',  Bx».bi  A  c  axis  =  -30^  10'.  The  optical  character  (-)  and 
the  position  of  the  axes  of  elasticity  remain  sensibly  constant  between  0°  and  100°.  The 
ax.  pi.,  however,  at  first  J.  6(010)  with  horizontal  aispersiqn  and  v  <  p  becomes  on  rise  of 
temperature  ||  6  with  inclined  dispersion  and  v  >  p.  The  axial  ande  accordingly  diminishes 
to  0°  at  a  temperature  depending  upon  the  wave-length  and  then  increases  in  the  new 
plane.  In  white  light,  therefore,  the  interference-figures  are  abnormal  and  change  with 
rise  in  tempMcrature. 

Des  Cloizeaux  found  that  the  feldsiiars,  when  heated  up  to  a  certain  point,  suffer  a 
change  in  the  position  of  the  axes,  and  if  the  heat  becomes  greater  and  is  long  continued 
they  do  not  return  again  to  their  original  position,  but  remain  altered. 

In  addition  to  the  typical  cases  referred  to,  it  is  to  be  noted  that  when  eleva- 
tion of  temperature  is  connected  with  change  of  chemical  composition  wide 
changes  in  optical  characters  are  possible.  This  is  illustrated  by  the  zeolites 
and  related  species,  where  the  effect  of  loss  of  water  has  been  particularly 
investigated. 

Further,  with  some  crystals,  heat  serves  to  bring  about  a  change  of  molec- 
ular structure  and  with  that  a  total  change  of  optical  characters.  For  exam- 
ple, the  greenish-yellow  (artificial)  orthorhombic  crystals  of  antimony  iodide 
(Sbis)  on  heating  (to  about  114^)  change  to  red  uniaxial  hexagonal  crystals. 
Note  also  the  remarks  made  later  in  regard  to  the  effect  of  heat  upon  leucite 
and  boracite  (Art.  429). 

428.  Some  Peculiarities  in  Axial  Interference-figures.*  —  In  the  case  of  uniaxial  crys- 
tals, the  characteristic  interference-figure  varies  but  uttle  from  one  species  to  another,  such 

*  Variations  in  the  axial  figures  embraced  under  the  head.of  optical  anomalies  are  spoken 
of  later  (Art.  429). 
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variation  as  is  observed  being  usually  due  to  the  thickness  of  the  section  and  the  biie- 
fringence.  In  some  cases,  however,  peculiarities  are  noted.  For  example,  the  interference- 
figure  of  apoph^^Uite  is  somewhat  peculiar,  since  its  birefringence  is  very  weak,  and  it  may 
be  optically  positive  for  one  part  of  the  spectrum  and  negative  for  the  other. 

in  the  case  of  biaxial  crystals,  peculiarities  are  more  common.  The  following  are  some 
typical  examples: 

Brookite  is  optically  +  and  the  acute  bisectrix  is  always  normal  to  a(100).  While,  how- 
ever, the  axial  plane  is  ||  c(OOl)  for  red  and  yellow,  with  2Er  »  55*^,  26y  »  30^,  it  is  com- 
monly 1 1  &(010)  for  green  and  blue,  with  2Effr  —  34^-  Hence  a  section  ||  a  (100)  in  the  cono- 
scope  snows  a  figure  somewhat  resemblihg  that  of  a  uniaxial  crystal  but  with  four  sets  of 
h3rperbolic  bands. 

Titanite  also  gives  a  peculiar  interference-figure  with  colored  hyperbolas  because  of 
the  hi|^  color-dispersion,  p  >  Vj  the  variation  Mtween  2E  for  red  and  green  light  being 
approxmiately  10^;  the  dispersion  of  the  bisectrices  is,  however,  ver^  small. 

The  most  striking  cases  of  peculiar  axial  figures  are  afforded  by  twin  crystals  (Art.  426) . 

424.  Relation  of  Optical  Properties  to  Chemical  Composition.  —  The 

effect  of  varying  chemical  composition  upon  the  optical  characters  has  been 
minutely  studied  in  the  case  of  many  series  of  isomorphous  salts,  and  with 
important  results.  It  is,  indeed,  only  a  part  of  the  general  subject  of  the  rela- 
tion between  crystalline  form  and  molecular  structure  on  the  one  hand  and 
chemical  composition  on  the  other,  one  part  of  which  has  been  discussed  in 
Art.  322.  It  was  shown  there  that  the  refractive  index  can  often  be  approx- 
imately calculated  from  the  chemical  composition. 

Among  minerals,  the  most  important  examples  of  the  relation  between  composition  and 
optical  characters  are  afforded  by  the  triclinic  feldspars  of  the  albite-cmorthite  series. 
Here,  as  explained  in  detail  in  the  descriptive  part  of  this  work,  the  relation  is  so  dose 
that  the  composition  of  any  intermediate  member  of  this  isomorphous  group  can  be  pre- 
dicted from  the  position  of  its  ether-axes,  or  more  simply  from  the  vibration  directions  on 
the  fundamental  cleavage-directions.  J|  c(OOl)  and  ||  &(010). 

The  effect  of  varying  amounts  or  iron  protoxide  (FeO)  is  illustrated  in  the  case  of  the 
monoclinic  pyroxenes,  where,  for  example,  the  angle  Bxa  A  c  axis  is  38°  in  diopside  (2*9 
p.  c.  FeO)  and  47°  in  nedenbergite  (26  p.  c.  FeO).  This  is  also  shown  in  the  closely  related 
orthorhombic  species  of  the  same  group,  enstatite,  MgSiOa  with  little  iron,  and  hypersthene, 
(Mg.Fe)SiOs  with  iron  to  nearly  30  p.  c.  With  both  of  these  species  the  axial  plane  is 
parallel  to  6(010),  but  the  former  is  optically  +  (Bxa  «  Z)  and  tne  dispersion  />  <  v;  the 
latter  is  optically  —  (Bxa  —  X)  and  dispersion  p  >  v.  In  other  words,the  optic  axial  angle 
changes  rapidly  with  the  FeO  percentage,  being  about  90°  for  FeO  <-  10  p.  c.  In  the  case 
of  the  chrvsolites,  the  epidotes,  the  species  triphylite  and  lithiophilite,  and  others,  analogous 
relations  have  been  made  out.- 

426.  Optical  Properties  of  Twin  Crystals.  —  The  examination  of  sec- 
tions of  twin  crystals  of  any  other  than  the  isometric  system  in  polarized  light 
serves  to  establish  the  compomid  character  at  once  sCnd  also  to  show  the 
relative  orientation  of  the  several  parts.  This  is  most  distinct  in  the  case  of 
contact-twins,  but  is  also  well  shown  with  penetration-twins,  though  here  the 
parts  are  usually  not  separated  by  a  sharp  line. 

Thus  the  examination  of  a  section  parallel  to  6(010)  of  a  twin  cryst&l'of 
gypsum,  of  the  type  of  Fig.  608,  makes  it  easy  not  only  to  establish  the  fact 
of  the  twinning  but  also  to  fix  the  relative  positions  of  the  ether-axes  in  the 
two  parts.  The  measurement  can  in  such  cases  be  made  between  the  extinc- 
tion-directions in  the  two  halves,  instead  of  between  one  of  these  and  some 
definite  crystallographic  line,  as  the  vertical  axis. 

The  pol3rsynthetic  twinning  of  certain  species,  as  the  triclinic  feldspars,  appears  with 
great  distinctness  in  polarized  light.  For  example,  in  the  case  of  a  section  of  albite,  parallel 
to  the  basal  cleavage,  the  alternate  bands  extinguish  together  and  assume  the  same  tint 
when  the  quartz  section  is  inserted.  Hence  the  angle  b^etween  these  directions  is  easily 
measured,  and  this  is  obviously  double  the  extinction-angle  made  with  the  edge  6(010) 
A  c(OOl).     A  basal  section  of  microcline  in  the  same  way  shows  its  compound  twinning 
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according  to  both  the  slbite  and  pericline  laws,  the  characteristic  grating  structure  beinc 
dearly  revealedinpotariied  light.  Fig.  609 of  sscctionof  choodrodite  (fromDes  Cloiieaux) 
Bhoira  how  the  compound  atnicture  is  shown  by  optical  examination  i  the  position  of  the 


axial  plane  ia  indicated  in  the  case  of  the  succeeaiTe  polysynthetic  lamells.  The  complex 
penetration-twins  of  ri|^t-  and  lefMianded  crystals  of  quarti  (see  the  description  of  that 
apeeies).  also  have  their  character  strikingly  revealed  in  polarised  light. 


Bromlite  (Des  Cloiseaux) 


Still  again,  the  true  structure  of  c 


010,  a  basal  section  of  an  apparent  hexagonal  pyramid  of  witherite.    The  analogoua  six- 


Stilbite  (Lasaubc) 

aided  pyramid  of  bromlite  (Fig.  611)  has  a  atill  more  complex  atnicture,  as  shown  in  Fig. 
6i2.  Fig.  613  showB  a  aimple  crystal  of  stilbite;  Fig.  614  is  the  conunon  type  of  twin- 
crystal,  and  Fig.  615  illustrates  how  the  complex  structure  (||b010)  is  revealed  m  polarized 
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light.  Other  illustrations  are  given  in  Art.  429.  It  will  be  understood  that  the  axial 
interference-figures  of  twin  crystals,  where  the  parts  are  superposed ,  often  show  many 
peculiarities;  the  Airy  spirals  of  quartz  (p.  270)  will  serve  as  an  illustration. 

426.  A  particularly  interesting  case,  related  to  the  subject  discussed  in  the 
preceding  article,  is  that  of  the  special  properties  of  superposed  cleavage- 
sections  of  mica.  If  three  or  more  of  these,  say  of  rectangular  form,  be  super- 
posed and  so  placed  that  the  lines  of  the  axial  planes  make  equal  angles  of 
60°  (45°,  etc.)  with  each  other  the  effect  is  that  polarized  light  which  has  passed 
through  the  center  suffers  circular  polarization,  with  a  rotation  to  right  or 
left  according  to  the  way  in  which  the  sections  are  built  up.  The  inter- 
ference-figure resembles  that  of  a  section  of  quartz  cut  normal  to  the  axis. 

If  the  sections  are  numerous  and  very  thin  the  imitation  of  the  phenomena 
of  quartz  is  closer.  These  facts  throw  much  hght  upon  the  ultimate  molec- 
ular structure  of  a  crystallized  medium  showing  circular  polarization.  Fur- 
ther, it  is  easy  from  this  to  imderstand  how  it  is  possible  to  have  in  sections 
of  certain  crystals  {e.g,,  of  clinochlore)  portions  which  are  biaxial  and  others 
that  are  uniaxial,  the  latter  being  due  to  an  intimate  twinning  after  this 
method  of  biaxial  portions. 

487.  Optical  Properties  of  CrystalUne  Aggregates.  —  The  special  optical  phenomena  of 
the  different  kinds  of  crystalline  aggregates  described  on  pp.  182,  183,  and  the  extent  to 
which  their  optical  characters  canbe  determined,  depcoicl  upon  the  distinctness  in  the 
development  of  the  individuals  and  their  relative  orientation.  The  case  of  ordinary  granu- 
lar, fibrous,  or  columnar  aggregates  needs  no  special  discussion.  Where,  however,  the 
doubly  refracting  grains  are  extremely  small,  the  microscope  may  hardly  serve  to  do  more 
than  to  show  ihe  agqregaiB  polarisation  present. 

A  case  of  special  mterest  is'  that  of  spherulites,  that  is,  aggregates  spherical  in  form  and 
radiated  or  concentric  in  structiure;  such  aggregates  occur  with  calcite,  various  chlorites, 
fddspars,  etc.  If  they  are  formed  of  a  doubly  refracting  crystalline  mineral,  or  of  an 
amorphous  substance  which  has  birefringent  characters  due  to  internal  tension,  they  com- 
monly exhibit  a  dark  cross  in  the  microscope  between  crossed  nicols;  further,  tnis  cross,  as 
the  section  is  revolved  on  the  stage,  though  actually  stationary,  seems  to  rotate  backward. 

A  distinct  and  more  special  case  is  that  of  spherical  aggregates  of  a  mineral  optically 
uniaxial  (or  biaxial  with  a  small  ande).  Sections  of  these  (not  central)  in  parallelpolarised 
li^t  show  more  or  less  distinctly  the  interference-figure  of  a  uniaxial  crystal.  Tne  objec- 
tive must  be  focussed  on  a  point  a  little  removed  from  the  section  itself,  say  on  the  surface 
of  the  sphere  of  which  it  is  a  part.  In  such  cases  the  +  or  —  character  of  the  double 
refraction  can  be  determined  as  usual. 

428.  Change  of  Optical  Character  Induced  by  Pressure.  —  As  the  difference  between 
the  optical  phenomena  exhibited  by  an  isometric  crystal  on  the  one  hand  and  a  uniaxial  or 
biaxial  crystal  on  the  other  is  referred  to  a  difference  in  molecular  structure  modifying  the 
properties  of  the  ether,  it  would  be  inferred  that  if  an  amorphous  substance  were  subjected 
to  conditions  tending  to  develop  an  analogous  difference  in  its  molecular  structure  it  would 
also  show  doubly  remusting  properties. 

This  is  found  to  be  the  case.  Glass  which  has  been  suddenly  cooled  from  a  state  of 
fusion,  and  which  is  therefore  characterized  by  strong  internal  tension,  usually  shows 
marked  double  refraction.  Further,  glass  plates  subjected  to  great  mechanical  pressure  in 
one  direction  show  in  polarized  light  more  or  less  distinct  interference-curves.  Gelatine 
sections,  also,  under  pressure  exhibit  like  phenomena.  Even  the  strain  in  a  glass  block 
developed  under  the  influence  of  unlike  charges  of  electricity  of  great  difference  of  potential 
on  its  opposite  sides  is  sufficient  to  make  it  doublv  refracting. 

In  an  analogous  manner  the  double  refraction  of  a  crystal  may  be  changed  by  the  appli- 
cation of  mechanical  force.  Pressure  exerted  normal  to  the  vertical  axis  of  a  section  of  a 
tetragonal  or  hexagonal  crvstal  which  has  been  cut  ±  c  axis,  changes  the  uniaxial  inter- 
ference-figure into  a  biaxial,  and  with  substances  optically  positive,  the  plane  of  the  optic 
axes  is  parallel,  and  with  negative  substances  normal,  to  the  direction  of  pressure. 

The  auartz  crystals  in  rocks,  which  have  been  subjected  to  great  pressure,  are  often 
found  to  DC  in  an  abnormal  state  of  tension,  showing  an  undulatory  extmction  in  polarised 
light. 
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429.  optical  An6malies.  —  Since  the  early  investigations  of  Brewster, 
Herschel,  and  others  (1815  et  seq.)  it  has  been  recognized  that  many  crystals 
exhibit  optical  phenomena  which  are  not  in  harmony  mth  the  apparent 
symmetry  of  their  external  form.  Crystals  of  many  isometric  species,  as 
analcite,  alum,  boracite,  garnet,  etc.,  often  show  more  or  less  pronounced 
double  refraction,  and  sometimes  they  are  distinctly  uniaxial  or  biaxial.  A 
section  examined  in  parallel  polarized  light  may  show  more  or  less  sharply 
defined  doubly  refracting  areas,  or  parallel  bands  or  lamellae  with  varying 
extinction.  Occasionally,  as  noted  by  Klein  in  the  case  of  garnet,  while  most 
crystals  are  normally  isotropic,  others  show  optical  characters  which  seem  to 
be  determined  by  the  external  bounding  faces  and  edges;  thus,  a  dodecahedron 
may  appear  to  be  made  up  of  twelve  rhombic  pyramids  (biaxial)  whose  apices 
are  at  the  center;  a  hexoctahedron  similarly  may  seem  to  be  made  up  of  forty- 
eight  triangular  pyramids,  etc. 

Similarly,  crystals  of  many  common  tetragonal  or  hexagonal  species,  as 
vesuvianite,  zircon,  beryl,  apatite,  corundum,  chabazite,  etc.,  give  interfer- 
ence-figures resembling  those  of  biaxial  crystals.  Also,  analogous  contra- 
dictions between  form  and  optical  characters  are  noted  with  crystals  of 
orthorhombic  and  monoclinic  species,  e,g.,  topaz,  natrolite,  orthoclase,  etc. 
All  cases  such  as  those  mentioned  are  embraced  under  the  common  term  of 
optical  anomalies. 

This  subject  has  been  minutely  studied  by  many  investigators  in  recent 
years  and  important  additions  have  been  made  to  it  both  on  the  practical  and 
the  theoretical  side.  The  result  is  that,  though  doubtful  cases  still  remain, 
many  of  the  typical  ones  have  found  a  satisfactory  explanation.  No  single 
theory,  however,  can  be  universally  applied. 

The  chief  question  involved  has  been  whether  the  anomalies  are  to  be 
considered  as  secondary  and  non-essential,  or  whether  they  belong  to  the 
inherent  molecular  structure  of  the  crystals  in  question.  On  the  one  hand, 
it  has  been  urged  that  internal  tension  suffices  (Art.  428)  to  call  out  double 
refraction  in  an  isotropic  substance  or  to  give  a  uniaxial  crystal  the  typical 
optical  structure  of  a  biaxial  crystal.  On  the  other  hand,  it  is  equaUy  clear 
that  twinning  often  produces  pseudo-sjmametry  in  external  form,  and  at  the 
same  time  conceals  or  changes  the  optical  characters.  From  the  simplest  case, 
as  that  of  aragonite,  we  pass  to  more  complex  cases,  as  witherite  (Fig.  610), 
bromlite  (Figs.  611,  612),  phillipsite  (Figs.  400,  452-454),  which  last  is  some- 
times pseudo-isometric  in  form  though  optical  study  shows  the  monoclinic 
character  of  the  individuals.*  Reasoning  from  the  analogy  of  these  last  cases. 
Mallard  was  led  (1876)  to  the  theory  that  the  optical  anomalies  could  in  most 
cases  be  explained  by  the  assumption  of  a  similar  but  still  more  intimate 
grouping  of  molecules  which  themselves  without  this  would  unite  to  form  crys- 
tals of  a  lower  grade  of  symmetry  than  that  which  their  complex  twinned 
crystals  actually  simulate. 

In  regard  to  the  two  points  of  view  mentioned,  it  seems  probable  that 
internal  tension  (due  to  pressure,  sudden  cooling,  or  rapidity  of  growth,  etc.) 
can  be  safely  appealed  to  to  explain  the  anomalous  optical  character  of  many 
species,  as  diamond,  halite,  beryl,  quartz,  etc.  Again,  it  has  been  fuUy  proved 
that  the  later  growth  of  isomorphous  layers  of  varying  composition  may 

*  Crystals  showing  p8eudoH33rminetry  of  highly  complex  type  are  called  mimetic  crystals 
by  Tachermak. 
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produce  optical  anomaliee,  probably  here  also  to  be  referred  to  tension.  Alum 
is  a  striking  example.  The  peculiarities  of  this  species  were  early  investigated 
by  Biot  and  made  by  him  the  basis  of  his  theory  of  "lamellar  polarization," 
but  the  present  explanation  is  doubtless  the  true  one.  Fig.  616  (from  Braiins) 
shows  the  appearance  in  polarized  hght  of  a  section  ||  o{Ill}  from  a  crystal  in 
which  the  successive  layers  have  different  composition.  Further,  according  to 
Brauns,  the  optical  peculiarities  of  many  other  species  may  be  referred  to  this 
same  cause.  He  includes  here,  particularly,  those  cases  (as  with  some  garnets) 
in  which  the  optical  characters  seem  to  depend  upon  the  external  form,  as 
noted  above.  Here  belongs  also  apophylHte,  a  section  of  which  (from  Golden, 
Col.,  by  Klein)  is  shown  in  Fig.  617.     The  section   has  been  cut  ||  c(001) 


616 


«18 


Alum,  II  in 


Apopbyllite,  |)  001  Leucite,  ||  100 

9  represented  as  it  appears  in  parallel 


through  the  center  of  the  crystal  and  L 
polarized  light. 

Another  quite  distinct  but  most  important  class  is  that  including  species 
such  as  boracite  and  leucite,  which  are  dimorphous;  that  is,  those  species 
which  at  a  certain  elevation  of  temperature  (300°  for  boracite  and  500°  to  600° 
for  leucite)  become  strictly  isotropic.  Under  ordinary  conditions,  these  species 
are  anisotropic,  but  the  fact  stated  makes  it  probable  that  originaUy  their 
crystalline  form  and  optical  characters  were  in  harmony.  The  relations  for 
leucite  deserve  to  be  more  minutely  stated. 

Leucite  usually  shows  very  feeble  double  retraction:  u  *  1'508,  t  =  1'509.  This 
anomalous  double  refraction,  early  noted  (Brewster,  Biot),  was  variously  explained.  Id 
1873,  Rath,  on  the  basis  of  careful  measuremeDtB,  referred  the  seemingly  isometric  crystals 
to  the  tetragonal  system,  the  trapezohedral  face  112  being  taken  as  111  and  211,  121  as 
421,  241,  respectively;  also  101,  Oil  as  201,  021.  Later  Weisbach  (1880),  on  the 
same  Eromid,  made  them  orthorhombic;  Mallard,  however,  referred  them  (1S76),  chiefly  on 
optical  grounds,  to  the  monoclinic  system,  and  Fouqu6  and  Uvj^  (1879)  to  the  tricLnic. 
The  true  symmetry,  corresponding  to  the  molecular  structure  which  theypoBseaa  or  lend 
to  poHsem  at  ordinary  temperatures,  is  in  doubt,  but  it  han  been  shown  (Klein,  Penfield) 
that  at  500°  to  600°  sections  become  isotropic;  and  further  (Rosenbusch)  that  the  twinning 
striations  disappear  on  heating,  to  reappear  again  in  new  position  on  cooling.  Sections 
ordinarily  show  twinuinK-lamellx  {I  (j(llO);  in  some  casea  a  bisectrix  (  +  )  is  normal  to  what 
correaponds  to  a  cubic  face,  the  axial  angle  being  very  small.  The  structure  corresponds  in 
general  (Klein)  to  the  interpenetration  of  three  crystals,  in  twinning  position  ||  d,  which 
nmv  be  equally  or  uneaually  developed;  or  there  may  be  one  fundamental  individual  with 
inciosed  twinuing-lamella!.  Fi^.  618  shows  a  section  of  a  crystal  (||  a,  100)  which  is  ap- 
parently made  up  by  the  twimung  of  three  individuals. 

Still  again,  in  a  limited  number  of  cases,  it  can  be  shown  that  the  intei^ 
growth  of  lamella  havii^  slightly  different  crystallographic  orientation  is  the 
cause  of  the  optical  p^niliarities.  Frehnite  is  a  conspicuous  example  of 
this  class. 
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After  all  the  various  possible  explanations  have  been  applied  there  still 
remain,  however,  many  species  about  which  no  certain  conclusion  can  be 
reached.  To  many  of  these  species  the  theory  of  Mallard  may  probably  be 
applicable.  Indeed  it  may  be  added  that  much  difference  of  opinion  still  exists 
as  to  the  cause  of  the  **  optical  anomalies ''  in  a  considerable  number  of  minerals. 
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IV.  CHARACTERS  DEPENDING  UPON  HEAT 

430.   The  more  important  of  the  special  properties  of  a  mineral  species  with 
respect  to  heat  include  the  following:  Fusibility;  conductivity  and  expansion, 

*  A  complete  bibliography  is  given  in  the  memoir  by  Brauns  (1891),  see  above. 
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especially  in  their  relation  to  crystalline  structure;  change  in  optical  charac- 
ters with  change  of  temperature;  specific  heat;  also  diathermancy ,  or  the  power 
of  transmitting  heat  radiation.  The  full  discussion  of  these  and  other  related 
subjects  Ues  outside  of  the  range  of  the  present  text-book.  A  few  brief 
remarks  are  made  upon  them,  and  beyond  these  reference  must  be  made  to 
text-books  oh  Physics  and  to  special  memoirs,  some  of  which  are  mentioned 
in  the  literature  (p.  305). 

431.  Fusibility.  —  The  approximate  relative  fusibiUty  of  different  min- 
erals is  an  important  character  in  distinguishing  different  species  from  one 
another  by  means  of  the  blowpipe.  For  this  purpose  a  scale  is  conveniently 
used  for  comparison,  as  explained  in  the  articles  later  devoted  to  the  blowpipe. 
Accurate  determinations  of  the  fusibility  are  difficult,  and  though  of  little 
importance  for  the  above  object,  they  are  interesting  from  a  theoretical  stand- 
point. They  have  been  attempted  by  various  authors  by  the  use  of  a  number 
of  different  methods.  The  following  are  the  approximate  melting-point 
values  for  the  minerals  used  in  von  Kobell's  scale  (Art.  491):  Stibnite,  525°; 
natroUte,  965**;  almandite,  1200"*;  actinolite,  1296"*;  orthoclase,  1200''; 
bronzite,  1380°;  also  for  quartz,  about  1600°. 

432.  Conductivity.  -^  The  conducting  power  of  different  crystallized 
media  was  early  investigated  by  S^narmont.  He  covered  the  faces  of  the  sub- 
stance under  investigation  with  wax  and  observed  the  form  of  the  fig[ure 
melted  by  a  hot  wire  placed  in  contact  with  the  surface  at  its  middle  point. 
Later  investigations  have  been  made  by  Rontgen  (who  modified  the  method  of 
S^narmont),  by  Jannettaz,  and  others.  In  general  it  Is  found  that,  as  regards 
their  thermal  conductivity,  crystals  are  to  be  divided  into  the  three  classes 
noted  on  p.  252.  In  other  words,  the  conductivity  for  heat  seems  to  follow 
the  same  general  laws  as  the  propagation  of  Ught.  It  is  to  be  stated,  however, 
that  «cperiments  by  S.  P.  Thompson  and  O.  J.  Lodge  have  shown  a  different 
rate  of  conductivity  in  tourmaline  in  the  opposite  directions  of  the  vertical 
axis. 

433.  Expansion.  —  Expansion,  that  is,  increase  in  volume  upon  rise  of 
temperature,  is  a  nearly  universal  property  for  all  solids.  The  increment  of 
volume  for  the  unit  volume  in  passing  from  0°  to  1°  C.  is  called  the  coefficient 
of  expansion.  This  quantity  has  been  determined  for  a  number  of  species. 
Further,  the  relative  expansion  in  different  directions  is  foimd  to  obey  the 
same  laws  as  the  light-propagation.  Crystals,  as  regards  heat-expansion,  are 
thus  divided  into  the  same  three  classes  mentioned  on  p.  252  and  referred  to 
in  the  preceding  article. 

The  amount  of  expansion  varies  widely,  and,  as  shown  by  Jannettaz,  is 
influenced  particularly  by  the  cleavage.  Mitscherlich  found  that  in  calcite 
there  was  a  diminution  of  8'  37"  in  the  angle  of  the  rhombohedron  on  passing 
from  0°  to  100°  C,  the  form  thus  approaching  that  of  a  cube  as  the  tempera- 
ture increased.  The  rhombohedron  of  dolomite,  for  the  same  range  of  tem- 
perature, diminishes  4'  46";  and  in  aragonite,  for  a  rise  in  temperature  from 
21°  to  100°,  the  angle  of  the  prism  diminishes  2'  46".  In  some  rhombohedrons, 
as  of  calcite,  the  vertical  axis  is  lengthened  (and  the  horizontal  shortened), 
while  in  others,  like  quartz,  the  reverse  is  true.  The  variation  is  such  in  both 
cases  that  the  birefringence  is  diminished  with  the  increase  of  temperature, 
for  calcite  possesses  negative  double  refraction,  and  quartz,  positive. 

It  is  to  be  noted  that  in  general  the  expansion  by  heat,  while  it  may  serve 
to  alter  the  angles  of  crystals,  other  than  those  of  the  isometric  system,  does 
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Oebeis 

Joly                   Oebeis 

— 

Oithodaae 

01869             01877 

01291 

Albite 

01983              01976 

— 

Amphibole,  black 

01963  Augite  01830 

01645 

Beryl 

0*2066              01979 

01768 

Calcite         02034 

-  0*2044              0-2042 

01861 

Aragonite 

0-2036                 — 

not  alter  the  zone-relations  and  the  ciystalline  symmetry.  In  certain  cases, 
however,  the  effect  of  heat  may  be  to  give  rise  to  twinning-lameUffi  (as  in 
anhydrite)  or  to  cause  their  disappearance  (as  in  calcite).  Rarely  heat  serves 
to  develop  a  new  molecular  structure;  thus,  as  explained  in  Art.  429,  boracite 
and  leucite,  which  are  anisotropic  at  ordinary  temperatures,  become  isotropic 
when  heated,  the  former  to  300°  the  latter  to  600"*  or  600°.  The  change  in 
the  optical  properties  of  crystals  produced  by  heat  has  already  been  noticed 
(Art.  422). 

434.  Specific  Heat.  —  Determinations  of  the  specific  heat  of  many 
minerals  have  been  made  by  Joly,  by  Oeberg,  and  others.  Some  of  the  results 
reached  are  as  follows: 

Joly 
Galena,  cryst,  0*0641 

Chaloopynte  01271 

Pyrite  01306 

Hematite  01683 

Garnet,  red  cryaL  0'1780  -  01793 
Epidote  01877 

436*  Diathennancy.  —  Besides  the  slow  molecular  propagation  of  heat 
in  a  body,  measured  by  its  thermal  conductivity,  there  is  also  to  be  considered 
the  rapid  propagation  of  what  is  called  radiant  heat  through  it  by  the  wave- 
motion  of  the  ether  which  surrounds  its  molecules.  This  is  merely  a  part  of 
the  general  subject  of  light-propagation  already  fully  discussed,  since  heat- 
waves, in  the  restricted  sense,  differ  from  light-waves  only  in  their  relatively 
greater  length.  The  d^free  of  absorption  exerted  by  the  body  is  measured  by 
its  diathermancy,  which  corresponds  to  transparency  in  light.  In  this  sense 
halite,  sylvite,  and  fluorite  are  highly  diathermanotta,  since  they  absorb  but 
little  of  the  heat-waves  passing  through  them;  on  the  other  hand,  gypsum 
and,  still  more,  alum  are  comparatively  aihermanovSf  since  while  transparent 
to  the  short  light-waves  they  absorb  the  long  heat-waves,  transforming  the 
energy  into  that  of  sensible  heat.  Measurements  of  the  diathermancy  were 
early  made  by  Melloni,  later  by  Tyndall,  Langley,  and  others. 
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V.  CHARACTERS  DEPENDING  UPON  ELECTRICITY 

AND  MAGNETISM 

1.    ELECTRICITY 

436.  Electrical  Conductivity.  —  The  subject  of  the  relative  conducting 
power  of  different  minerals  is  one  of  minor  interest.*  In  general  most  min- 
erals, except  those  having  a  metaUic  luster  among  the  sulphides  and  oxides,  are 
non-conductors.  Only  the  non-conductors  can  show  pyro-electrical  phenom- 
ena, and  only  the  conductors  can  give  a  thermo-electric  current. 

437.  Frictional  Electricity.  —  The  development  of  an  electrical  charge 
on  many  bodies  by  friction  is  a  famiUar  subject.  All  minerals  become  electric 
by  friction,  although  the  degree  to  which  this  is  manifested  differs  widely. 
There  is  no  line  of  distinction  among  minerals,  dividing  them  into  positively 
electric  and  negatively  electric;  for  both  electrical  states  may  be  presented  by 
different  varieties  of  the  same  species,  and  by  the  same  variety  in  different 
states.  The  gems  are  in  general  positively  electric  only  when  polished;  the 
diamond,  however,  exhibits  positive  electricity  whether  polished  or  not.  It  is 
a  familiar  fact  that  the  electrification  of  amber  upon  friction  was  early  observed 
(600  B.  C),  and  indeed  the  Greek  name  (ffXocrpoi')  later  gave  rise  to  the 
word  electricity. 

438.  Pjrro-electricity.  —  The  simultaneous  development  of  positive  and 
negative  charges  of  electricity  on  different  parts  of  the  same  crystal  when  its 
temperature  is  suitably  changed  is  called  pyro-electricity.  Cr3rstals  exhibiting 
such  phenomena  are  said  to  be  pyro^ledric.  This  phenomenon  was  first 
observed  in  the  case  of  tourmaline,  which  is  rhombohedral-hemimorphic  in 
crystallization,  and  it  is  particularly  marked  with  crystals  belonging  to  groups 
of  relatively  low  symmetry,  especially  those  of  the  hemimorphic  type.  It  is 
possible,  of  course,  only  with  non-conductors.  This  subject  was  early  inves- 
tigated by  Riess  and  Rose  (1843),  later  by  Hankel,  also  by  C.  Friedel,  Kundt. 
and  others  (see  literature). 

In  all  cases  it  is  true  that  directions  of  like  crystallographic  symmetry 
show  charges  of  like  sign,  while  unlike  directions  may  exhibit  opposite  charges. 
Substances  not  crystallized  cannot  show  pyro-electricity.  A  few  of  the  many 
possible  examples  will  serve  to  bring  out  the  most  essential  points. 

Boracite  (isometric-tetrahedral,  p.  66)  on  heating  exhibits  4-  electricity  on 
one  set  of  tetrahedral  faces  and  —  electricity  on  the  other.    Cf .  Fig.  619. 

Tourmaline  (rhombohedral-hemimorphic,  p.  109)  shows  opposite  charges  at 
the  opposite  extremities  of  the  vertical  axis  corresponding  to  its  hemimorphic 
crystallization.     In  this  and  in  other  similar  cases,  the  extremity  which 

*  On  the  conductivity  of  minerals,  see  Beijerinck,  Jb.  Min.,  Beil.-Bd.,  ll,  403,  1898. 
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becomes  positive  on  heating  has  been  called  the  analogous  pole,  and  that  which 
becomes  negative  has  been  called  the  arUthgous  pole. 

Calamine  and  striwite  (orthorhombic-hemimorphic,  p.  126)  exhibit  phenom- 
ena analogous  to  those  of  tourmaline. 

Quartz  (rhombohedral-trapezohedral,  p.  112)  shows  +  electricity  on  heating 
at  the  three  alternate  prismatic  edges  and  —  electricity  at  the  three  remaining 
edges;  the  distribution  for  right-handed  crystals  is  opposite  to  that  of  left- 
handed.     Twins  may  exhibit  a  high  degree  of  complexity,     Cf.  Figs.  620,  621. 

Axtnite  (tricUnic,  p.  144),  when  heated  to  120°  or  130°,  has  an  analogous 
619  6»  831 


pole  (Rieas  A  Rose)  at  the  solid  angle  rxM';  the  antilogous  pole  at  the  angle 
mr'M'  near  plane  n. 

A  very  convenient  and  simple  method  for  investigating  the  phenomena  is 
the  following,  which  is  due  to  Kundt:  First  heat  the  crystal  or  section  care- 
fully in  an  air-bath;  pass  it  several  times  through  the  flame  of  an  alcohol 
lamp  and  then  place  it  on  a  httle  upright  cylinder  of  brass  to  cool.  While 
cooUng,  a  mixture  of  red  lead  and  sulphur  finely  pulverized  and  previously 
agitated  is  dusted  over  it  through  a  fine  cloth  from  a  suitable  bellows.  The 
positively  electrified  red  lead  collects  on  the  parts  having  a  negative  charge, 
and  the  n^atively  electrified  sulphur  on  those  with  a  positive  charge.  This  is 
illustrated  by  Figs.  619-621,  and  still  better  by  the  illustrations  given  by 
Kundt  and  others.     (Cf.  Plate  III  of  Groth,  Phys.  Kryst.,  1905.) 

439.  Piezo-electricity.  —  The  name  -piezo-electricity  has  been  given  to 
the  development  of  electrical  charges  on  a  crystallized  body  by  pressure.  This 
is  shown  by  a  cleavage  mass  of  calcite,  also  by  topaz.  This  phenomenon  is 
most  interestii^  where  a  relation  can  be  established  between  the  electrical 
excitement  and  the  molecular  structure,  as  is  conspicuously  true  with  quartz, 
tourmaline,  and  some  other  species. 

This  subject  has  been  investigated  by  Hankel,  Curie,  and  others,  and 
discussed  theoretically  by  Lord  Kelvin  (see  literature).  Hankel  has  also 
employed  the  term  adino-ehctrieUy,  or,  better,  pkoto-electncUy,  for  the  phe- 
nomenon of  producing  an  electrical  condition  by  the  influence  of  direct 
radiation;  fiuorite  is  a  conspicuous  example. 

440.  Thermo-electrici^.  —  The  contact  of  two  unlike  metals  in  gen- 
eral results  in  electrifying  one  of  them  positively  and  the  other  negatively.  If, 
further,  the  point  of  contact  be  heated  whOe  the  other  parts,  connected  with 
a  wire,  are  kept  cool,  a  continuous  current  of  electricity  —  shown,  for  example, 
by  a  suitable  galvanometer  —  is  set  up  at  the  expense  of  the  heat-energy  sup- 
plied. If,  on  the  other  hand,  the  point  of  junction  is  cooled,  a  current  is  set 
up  in  the  reverse  direction.     This  phenomenon  is  called  thermo-electricity, 
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and  two  metals  so  connected  constitute  a  thermo-electric  couple.  Further  it 
is  found  that  different  conductors  can  be  arranged  in  order  in  a  table  —  a 
so-called  thermo-electric  series  —  according  to  the  direction  of  the  current  set 
up  on  heating  and  according  to  the  dedramotive  force  of  this  current.  Among 
the  metals,  bismuth  (+)  and  antimony  (—)  stand  at  the  opposite  ends  of  the 
series;  the  current  passes  through  the  connecting  wire  from  antimony  to 
bismuth. 

This  subject  is  so  far  important  for  mineralogy,  as  it  was  shown  by  Bunsen 
that  the  natural  metallic  sulphides  stand  farther  off  in  the  series  than  bismuth 
and  antimony,  and  consequently  by  them  a  higher  electromotive  force  is 
produced.  The  thermo-electrical  relations  of  a  large  number  of  minerals  were 
determined  by  Flight. 

It  was  early  observed  that  some  minerals  have  varieties  which  are  both  -f- 
and  —  .  Rose  attempted  to  establish  a  relation  between  the  positive  and 
n^ative  pyritohedral  forms  of  pyrite  and  cobaltite,  and  the  positive  or  n^a- 
tive  thermo-electrical  character.  Later  investigations  by  Schrauf  and  Dana 
have  shown,  however,  that  the  same  peculiarity  belongs  also  to  glaucodot, 
tetradymite,  skutterudite,  danaite,  and  other  minerals,  and  it  is  demonstrated 
by  them  that  it  cannot  be  dependent  upon  crystalline  form,  but  rather  upon 
chemical  composition. 
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2.    Magnetism 

441.  Magnetic  Minerals.  Natural  Magnets.  —  A  few  minerals  in  their 
natural  state  are  capable  of  being  attracted  by  a  strong  steel  magnet;  they 
are  said  to  be  magnetic.  This  is  conspicuously  true  of  magnetite,  the  magpetic 
oxide  of  iron;  also  of  pyrrhotite  or  magnetic  pyrites,  and  of  some  varieties  of 
native  platinum  (especially  the  variety  called  iron-platinum). 

A  number  of  other  minerals,  as  hematite,  franklinite,  etc.,  are  in  some 

*  See  Liebisch*  Phys.  Krystallographie,  1891,  for  a  full  discussion  of  the  topics  briefly 
touched  upon  in  the  preceding  pages,  also  for  references  to  original  articles. 
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cases  attracted  by  a  steel  magnet,  but  probably  in  most  if  not  all  cases  because 
of  admixed  magnetite  (but  see  Art.  443).  Occasional  varieties  of  the  three 
minerals  mentioned  above,  as  the  lodestone  variety  of  magnetite,  exhibit  them- 
selves the  attracting  power  and  polarity  of  a  true  magnet.  They  are  then 
called  natural  magnets.  In  such  cases  the  magnetic  polarity  has  probably  been 
derived  from  the  inductive  action  of  the  earth,  which  is  itself  a  huge  magnet. 

442.  Paramagnetism.  Diamagnetism.  —  In  a  very  strong  magnetic 
field,  as  that  between  the  poles  of  a  very  powerful  electromagnet,  all  minerals, 
as  indeed  all  other  substances,  are  influenced  by  the  magnetic  force.  Accord- 
ing to  their  behavior  they  are  divided  into  two  classes,  the  paramagnetic  and 
dtamagnetic;  those  of  the  former  appear  to  be  attracted,  those  of  the  latter  to 
be  repelled.  For  purposes  of  experiment  the  substance  in  question,  in  the 
form  of  a  rod,  is  suspended  on  a  horizontal  axis  between  the  poles  of  the  magnet. 
If  paramagnetic,  it  takes  a  position  parallel  to  the  magnetic  axis;  if  diamag- 
netic,  it  sets  transversely  to  it.  Iron,  cobalt,  nickel,  manganese,  platinum  are 
paramagnetic;  silver,  copper,  bismuth  are  diamagnetic.  Among  minerals 
compounds  of  iron  are  paramagnetic,  as  siderite,  also  diopside;  further,  beryl, 
dioptase.    Diamagnetic  species  include  calcite,  zircon,  wulfenite,  etc. 

By  the  use  of  a  sphere  it  is  ix>ssible  to  determine  the  relative  amount  of 
magnetic  induction  in  different  directions  of  the  same  substance.  Experiment 
has  shown  that  in  isometric  crystals  the  magnetic  induction  is  alike  in  all 
directions;  that  in  those  optically  uniaxial,  there  is  a  direction  of  maximum 
and,  normal  to  it,  one  of  minimum  magnetic  induction;  that  in  biaxial 
crystals,  there  are  three  unequal  magnetic  axes,  the  position  of  which  may  be 
determined.  In  other  words,  the  magnetic  relations  of  the  three  classes  of 
crystals  are  analogous  to  their  optical  relations. 

443.  Corresponding  to  the  facts  just  stated,  that  all  compoimds  of  iron 
are  paramagnetic,  it  is  found  that  a  sufficiently  powerful  electromagnet 
attraicts  all  minerals  containing  iron,  though,  except  in  the  cases  given  in  Art. 
441,  a  bar  magnet  has  no  sensible  influence  upon  them;  hence  the  efficiency 
of  the  electromagnetic  method  of  separating  ores. 

Pliicker  *  determined  the  magnetic  attraction  of  a  number  of  substances 
compared  with  iron  taken  as  100,000.  For  example,  for  magnetite  he  obtained 
40,227;  for  hematite,  crjrstallized,  533,  massive,  134;  limonite,  71;  P3nite,  150. 
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VI.   TASTE  AND  ODOR 

In  their  action  upon  the  senses  a  few  minerals  possess  taste,  and  others 
under  some  circumstances  give  off  odor, 

444.  Taste  belongs  oiSy  to  soluble  minerals.  The  different  kinds  of 
taste  adopted  for  reference  are  as  follows: 

1.  Astringent:  the  taste  of  vitriol. 

2.  Sweetish  astringent:  taste  of  alum. 

3.  Saline:  taste  of  common  salt. 

4.  Alkaline:  taste  of  soda. 

5.  Cooling:  taste  of  saltpeter. 

6.  Bitter:  taste  of  Epsom  salts. 

7.  Sour:  taste  of  sulphuric  acid. 

446.  Odor.  —  Excepting  a  few  gaseous  and  soluble  species,  minerals 
in  the  dry  unchanged  state  do  not  give  off  odor.  By  friction,  moistening  with 
the  breath,  and  the  elimination  of  some  volatile  ingredient  by  heat  or  acids, 
odors  are  sometimes  obtained  which  are  thus  designated : 

1.  Alliaceoiis:  the  odor  of  garlic.  Friction  of  arsenopyrite  elicits  this 
odor;  it  may  also  be  obtained  from  arsenical  compounds  by  means  of  heat. 

2.  Horse-radish  odor:  the  odor  of  decaying  horse-radish.  This  odor  is 
strongly  perceived  when  the  ores  of  selenium  are  heated. 

3.  Sulphurotis:  friction  elicits  this  odor  from  pyrite,  and  heat  from  many 
sulphides. 

4.  Bituminous:  the  odor  of  bitumen. 

5.  Fetid:  the  odor  of  sulphureted  hydrogen  or  rotten  eggs.  It  is  elicited 
by  friction  from  some  varieties  of  quartz  and  limestone. 

6.  Argillaceous:  the  odor  of  moistened  clay.  It  is  obtained  from  serpen- 
tine and  some  allied  minerals,  after  moistening  them  with  the  breath;  others, 
as  pyrargiUite,  afford  it  when  heated. 

446.  Feel.  —  The  feel  is  a  character  which  is  occasionally  of  some 
importance;  it  is  said  to  be  smooth  (sepiolite),  greasy  (talc),  harsh,  or  meager, 
etc.  Some  minerals,  in  consequence  of  their  hygroscopic  character,  adhere  to 
the  tongue  when  brought  in  contact  with  it. 
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GENERAL  PRINCIPLES  OF  CHEMISTRY  AS  APPLIED 

TO  MINERALS 

447.  Minerals,  as  regards  their  chemical  constitution,  are  either  the 
uncombined  elements  in  a  native  state,  or  definite  compounds  of  these  elements 
formed  in  accordance  with  chemical  laws.  It  is  the  object  of  Chemical  Min- 
eralo^  to  determine  the  chemical  composition  of  each  species;  to  show  the 
chemical  relations  of  different  species  to  each  other  where  such  exist;  and  also 
to  explain  the  methods  of  distinguishing  different  minerals  by  chemical  means. 
It  thus  embraces  the  most  important  part  of  Determinative  Mineralojgy. 

In  order  to  understand  the  chemical  constitution  of  minerals,  some  knowl- 
edge of  the  fundamental  principles  of  Chemical  Philosophy  is  required;  and 
these  are  here  briefly  recapitulated. 

448.  Chemical  Elements.  —  Chemistry  recognizes  about  eighty  sub- 
stances which  cannot  at  will  be  decomposed,  or  divided  into  others,  by  any 
process  of  analysis  at  present  known;  these  substances  are  called  the  chemical 
elements.  A  list  of  them  is  given  in  a  later  article  (462) ;  conunon  examples 
are:  Oxygen,  nitrogen,  hydrogen,  chlorine,  gold,  silver,  sodium,  etc. 

449.  Atom.  Molecule.  —  The  study  of  the  chemical  properties  of  sub- 
stance and  of  the  laws  governing  their  formation  has  led  to  the  belief  that 
there  is  for  each  element  a  definite,  indivisible  mass,  which  is  the  smallest 
particle  which  can  play  a  part  in  chemical  reactions;  this  indivisible  unit  is 
called  the  atom. 

With  some  rare  exceptions,  the  atom  cannot  exist  alone,  but  unites  by  the 
action  of  what  is  called  chemical  force,  or  chemical  affinity,  with  other  atoms 
of  the  same  or  different  kind  to  form  the  molecule.  The  molecule,  in  the 
diemical  sense,  may  be  defined  as  the  smallest  particle  into  which  a  given 
kind  of  substance  can  be  subdivided  without  undergoing  chemical  decomposi- 
tion. For  example,  two  atoms  of  hydrogen  unite  to  form  a  molecule  of  hydro- 
gen gas.  Again,  one  atom  of  hydrogen  and  one  of  chlorine  form  a  molecule 
of  hydrochloric  acid  gas;  two  atoms  of  hydrogen  and  one  of  sulphur  form 
a  molecule  of  the  gas  hydrogen  sulphide. 

460.   Atomic  Weight.  —  The  atomic  weight  of  an  element  is  the  weight, 

or,  better  expressed,  the  mass  of  its  atom  compared  with  that  of  the  element 

hydrogen  taken  as  the  unit  or  with  the  weight  of  an  atom  of  oxygen  taken  as 

16.    Of  the  methods  by  which  the  relation  between  the  masses  of  the  atoms  is 

determined  it  is  imnecessary  here  to  speak ;  the  results  that  have  been  obtained 

are  given  in  the  table  on  p.  312. 
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461.  Symbol.  Formula.  —  The  symbol  of  an  element  is  the  initial 
letter,  or  letters,  often  of  its  Latin  name,  by  which  it  is  represented  when 
expressing  in  chemical  notation  the  constitution  of  substances  into  the  compo- 
sition of  which  it  enters.  Thus  O  is  the  symbol  of  oxygen,  H  of  hydrogen,  CI 
of  chlorine,  Fe  (froia  ferrum)  of  iron,  Ag  (from  argerUum)  of  silver,  etc.  Fur- 
ther, this  symbol  is  always  understood  to  indicate  that  definite  amount  of  the 
given  element  expressed  by  its  atomic  weight ;  in  other  words,  it  represents  one 
atom.  If  twice  this  quantity  is  involved,  that  is,  two  atoms,  thi^  is  indicated 
by  a  small  subscript  number  written  immediately  after  the  symbol.  Thus, 
SbfSs  means  a  compound  consisting  of  two  atoms  of  antimony  and  three  of 
sulphur,  or  of  2  X  120  parts  by  weight  of  antimony  and  3  X  32  of  sulphur. 

This  expression,  SbsSs,  is  called  the  formula  of  the  given  compoimd,  since 
it  expresses  in  briefest  form  its  composition.  Similarly  the  formula  of  the 
mineral  albite  is  NaAlSi^Og. 

Strictly  speaking,  such  formulas  are  merely  empirical  formvlaSj  since  they 
express  only  the  actual  result  of  analysis,  as  giving  the  relative  number  of 
atoms  of  each  element  present,  and  make  no  attempt  to  represent  the  actual 
constitution.  A  formula  developed  with  the  latter  object  in  view  is  called  a 
rational,  structural,  or  constitutional  formula  (see  Art.  469). 

462.  Table  of  the  Elements.  —  The  following  table  gives  a  list  of  all 
the  definitely  established  elements  with  their  accepted  symbols  and  also  their 
atomic  weights.* 

Of  the  elements  given  in  this  list  —  more  than  eighty  in  all  —  only  a  very 
small  number,  say  twelve,  play  an  important  part  in  making  up  the  crust  of 
the  earth  and  the  water  and  air  surrounding  it.  The  common  elements  con- 
cerned in  the  composition  of  minerals  are:  Oxygen,  sulphur,  silicon,  alu- 
minium, iron,  calcium,  magnesium,  sodium,  potassium.  Besides  these,  hydro- 
gen is  present  in  water,  nitrogen  in  the  air,  and  carbon  in  all  animal  and 
vegetable  substances.  Only  a  very  few  of  the  elements  occur  as  such  in  nature, 
as  native  gold,  native  silver,  native  sulphur,  etc. 

Of  the  elements,  oxygen,  hydrogen,  nitrogen,  chlorine,  and  fluorine  are 
gases;  bromine  is  a  volatile  Uquid;  merciuy  is  also  a  liquid,  but  the  others 
are  solids  under  ordinary  conditions. 


Aluminium,  Aluminimi 

Antimony  (Stibium) 

Argon 

Arsenic 

Barium 

Beryllium,  Glucinum 

Bismuth 

Boron 

Bromine 

Cadmium 

Cesium 

Calcium 

Carbon 

Cerium 

Chlorine 

Chromium 

Cobalt 


0-16 

Symbol 

At.  Weight 

Al 

271 

Sb 

120-2 

A 

39-9 

As 

74-9 

Ba 

137-4 

Be  (or  Gl)    91 

Bi 

2080 

B 

110 

Br 

79-9 

Cd 

112-4 

Cs 

132-8 

Ca 

401 

C 

120 

Ce 

140-2 

CI 

35-5 

Cr 

52  0 

Co 

690 

■ 

Symbol 

0-16 
At.  Weisht 

Columbium,  see  Niobiitm 

Copper  (^CuprtAm) 

Cu 

63*6 

Dysprosium 

Dy 

162-5 

Erbium 

Er 

167-7 

Europium 

Eu 

152-0 

Fluorine 

F 

19-0 

Gadolinium 

Gd 

167-3 

Gallium 

Ga 

69-9 

Germanium 

Ge 

72-5 

Glucinum,  see  BeryUittm 

Gold  {Alarum) 

Au 

197-2 

Helium 

He 

4-0 

Holmium 

Ho 

163-5 

Hydrogen 

H 

1-0 

Indium 

In 

114-8 

Iodine 

I 

126-9 

Iridium 

Ir 

1931 

*  These  correspond  in  value  to  those  commonly  accepted,  and  are  given  accurate  to  (me 
decimal  place. 
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Iron  (Ferrum) 

Krypton 

Lianthaniun 

Lead  {Plumbum) 

Lithium 

Lutecium 

Magnesium 

Manganese 


Symbol 
Fe 
Kr 
La 
Pb 
Li 
Lu 
Mg 
Mn 


Mercury  (Hydr<trgyrum)  Hg 

Molybdenum 

Neodymium 

Neon 

Nickel 

Niobium 

Niton 

Nitrogen 

Osmium 


Oxygen 

Palladium 

Phosphorus 

Platinum 

Potassium  (^KaUttm) 

Praseodymium 

Radium 

Rhodium 

Rubidium 


Mo 

Nd 

Ne 

Ni 

Nb 

Nt 

N 

Os 

O 

Pd 

P 

Pt 

K 

Pr 

Ra 

Rh 

Rb 


0-16 
At.  Weight 

55-8 

82-9 

1390 

207-2 

6-9 

1750 

24-3 

64-9 
200-6 

960 
144*3 

20-2 

58-7 

931 
222-4 

14-0 
190-9 

160 
106-7 

31.0 
195-2 

391 
140-9 
2260 
102-9 

85-5 


Ruthenium 

Samarium 

Scandium 

Selenium 

Silicon 

Silver  (Argentum) 

Sodium  (Natrium) 

Strontium 

Sulphur 

Tantalum 

Tellurium 

Terbium 

ThaUium 

Thorium 

Thuhum 

Tin  (Stannum) 

Titanium 

Tungsten  (Wolframium)  W 

Uranium 

Vanadium 

Xenon 

Ytterbium 

Yttrium 

Zinc 

Zirconium 


0-16 

Symbol 

At.  Weight 

Ru 

101-7 

Sa 

150-4 

Sc 

44-1 

Se 

79-2 

Si 

28-3- 

Ag 

107-9 

Na 

23-0 

Sr 

87-6 

S 

32-0 

Ta 

181-5 

Te 

127-5 

Tb 

159-2 

Tl 

2040 

Th 

232-4 

Tm 

168-5 

Sn 

118-7 

Ti 

48-1 

W 

184-0 

U 

238-2 

V 

51-0 

Xe 

130-2 

Yb 

173-5 

Yt 

887 

Zn 

65-4 

Zr 

90-6 

453.  Metals  and  Non-metals.  —  The  elements  may  be  divided  into 
two  more  or  less  distinct  classes^  the  metals  and  the  non-metals.  Between 
the  two  lie  a  liumber  of  elements  sometimes  called  the  semi-metals.  The 
metah,  as  gold,  silver,  iron,  sodium,  are  those  elements  which,  physically 
described,  possess  to  a  more  or  less  perfect  degree  the  fundamental  characters 
of  the  idesJ  metal,  viz.:  malleability,  metallic  luster  (and  opacity  to  light), 
conductivity  for  heat  and  electricity;  moreover,  chemically  described,  they 
commonly  play  the  part  of  the  positive  or  basic  element  in  a  simple  compound, 
as  later  defined  (Arts.  462-466).  The  non-^metaU,  as  sulphur,  carbon,  silicon, 
etc.,  also  the  gases,  as  oxygen,  chlorine,  etc.,  have  none  of  the  physical  charac- 
ters alluded  to:  they  are,  if  solids,  brittle,  often  transparent  to  light-radiation, 
are  poor  conductors  for  heat  and  electricity.  Chemically  expressed,  they 
usually  play  the  negative  or  acid  part  in  a  simple  compound. 

The  so-called  semi-metalSj  or  metalloids,  include  certain  elements,  as 
tellurium,  arsenic,  antimony,  bismuth,  which  have  the  physical  characters  of 
a  metal  to  a  less  perfect  degree  (e.g.,  they  are  more  or  less  brittle) ;  and,  more 
important  than  this,  they  often  play  the  part  of  the  acidic  element  in  the 
compound  into  which  they  enter.     These  points  are  illustrated  later. 

It  is  to  be  understood  that  the  distinctions  between  the  classes  of  the 
elements  named  cannot  be  very  sharply  applied.  Thus  the  typical  metallic 
characters  mentioned  are  ix)ssessed  to  a  very  unequal  degree  by  the  diflferent 
substances  classed  as  metals;  for  example,  by  silver  and  tin.  Corresponding 
to  this  a  number  of  the  true  metals,  as  tin  and  manganese,  play  the  part  of  an 


n    in 


acid  in  numerous  salts.  Further,  the  mineral  magnetite,  FeFej04,  is  often 
described  as  an  iron  ferrate;  so  that  in  this  compound  the  same  element  would 
play  the  part  of  both  acid  and  base. 

464.  Positive  and  Negative  Elements.  —  It  is  common  to  make  a  dis- 
tinction between  the  dectro-positive  and  eledro-negaiive  element  in  a  compound. 
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The  passage  of  a  sufficiently  strong  electrical  current  through  a  chemical  com- 
pound in  many  cases  results  in  its  decomposition  (or  electrolysis)  into  its  ele- 
ments or  parts.  In  such  cases  it  is  found  that  for  each  compoimd  the  atoms 
of  one  element  coUect  at  the  negative  pole  (the  cathode)  and  those  of  the  other 
at  the  positive  pole  (the  anode).  The  former  is  called  the  electro-positive 
element  and  the  latter  the  electro-negative  element.  Thus  in  the  electrolysis 
of  water  (H2O)  the  hydrogen  collects  at  the  cathode  and  is  hence  called  posi- 
tive,  and  the  oxygen  at  the  anode  and  is  called  negative.  Similarly,  in  hydro- 
chloric acid  (HCl)  the  hydrogen  is  thus  shown  to  be  positive,  the  chlorine 
n^ative.  This  distinction  is  also  carried  to  complex  compounds,  as  copper 
sulphate  (CuSOO,  which  by  electrolysis  is  broken  into  Cu,  which  is  foimd  to  be 
electro-positive,  and  SO4  (the  last  separates  into  SOs,  forming  HsS04  and  free 
oxygen). 

For  reasons  which  will  be  explained  later,  the  positive  element  is  said  to 
play  the  basic  part,  the  negative  the  acidic.  The  metals,  as  already  stated,  in 
most  cases  belong  to  the  former  class,  the  non-metals  to  the  latter,  while  the 
semi-metals  may  play  both  parts. 

It  is  conamon  in  writing  the  formula  to  put  the  positive  or  basic  element 
first,  thus  HjO,  H2S,  HCl,  H2SO4,  ShSz,  AsjOs,  AsH,,  NiSb,  FeAsj.  Here 
it  will  be  noted  that  antimony  (Sb)  and  arsenic  (As)  are  positive  in  some  of 
the  compoimds  named  but  negative  in  the  others. 

466.  Periodic  Law.  —  In  order  to  understand  the  relations  of  the 
chief  classes  of  chemical  compounds  represented  among  minerals,  as  still  more 
their  further  subdivision,  down  finally  to  the  many  iaomarphous  groups  — 
groups  of  species  having  analogous  composition  and  closely  similar  form,  as 
explained  in  Art.  471  —  the  f undamentsd  relations  and  grouping  of  the  ele- 
ments must  be  understood,  especially  as  developed  of  recent  years  and  shown 
in  the  so-called  Periodic  Law. 

Although  the  subject  can  be  only  briefly  touched  upon,  it  will  be  useful  to 
give  here  the  general  distribution  of  the  elements  into  Groups  and  Series,  as 
presented  in  the  Principles  of  Chemistry  (En^.  Ed.,  1891)  of  D.  Mendel^ff, 
to  whom  is  due  more  than  any  one  else  the  development  of  the  Periodic  Law. 
When  the  elements  are  arranged  according  to  the  values  of  their  atomic  weights 
it  is  seen  that  they  fall  more  or  less  into  groups  consisting  of  eight  elements 
each,  or  double  groups  containing  sixteen  elements.  The  corresponding 
members  of  each  group  show  similar  chemical  characters.  The  table  given 
below  wiU  illustrate  these  relationships.  For  the  thorough  explanation  of 
this  subject,  more  particularly  as  regards  the  periodic  or  progressive  relation 
between  the  atomic  weights  and  various  properties  of  the  elements,  the  reader 
is  referred  to  the  work  above  mentioned  or  to  one  of  the  many  other  exceUent 
modem  text-books  of  chemistry. 

The  relations  of  some  of  the  elements  of  the  first  group  are  exhibited  by 
the  isomorphism  (see  Art.  471,  also  the  description  of  the  various  groups  and 
species  here  referred  to,  which  are  given  in  Part  IV  of  this  work)  of  NaCl, 
KCl,  AgCl;  or  again  of  LiMnP04  and  NaMnP04,  etc.  In  the  second  group, 
reference  may  be  made  to  the  isomorphism  of  the  carbonates  and  sulphates 
(p.  322)  of  calcium,  barium,  and  strontium;  while  among  the  sulphides,  ZnS, 
CaS,  and  HgS  are  doubly  related.  In  the  third  group,  we  find  boron  and 
aluminium  often  replacing  one  another  among  silicates.  In  the  fourth  group, 
the  relations  of  silicon  and  titanium  are  shown  in  the  titano-silicates,  while 
the  compounds  Ti02,  Sn02,  PbOf  (and  MnOf),  also  ZrSi04  and  ThSi04,  have 
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closely  similar  form.  In  the  fifth  group,  many  compounds  of  arsenic,  anti- 
mony, and  bismuth  are  isomorphous  among  metallic  compounds,  whUe  the 
relations  of  phosphorous,  vanadium,  arsenic,  also  antimony,  are  shown  among 
the  phosphates,  vanadates,  arsenates,  and  antimonates;  again  the  mutual 
relations  of  the  niobates  and  tantalates  are  to  be  noted. 

In  the  sixth  group,  the  strongly  acidic  elements,  sulphur,  selenium, 
tellurium,  are  all  closely  related,  as  seen  in  many  sulphides,  selenides,  tellu- 
rides;  further,  the  relations  of  sulphur  and  chromium,  and  similarly  of  both 
of  these  to  molybdenum  and  tungsten,  are  shown  among  many  artificial  sul- 
phates, chromates,  molybdates,  and  tungstates. 

In  the  seventh  group  the  relations  of  the  halogens  are  too  well  understood 
to  need  special  remark.  In  the  eighth  group,  we  have  Fe,  Co,  Ni  alloyed  in 
meteoric  iron,  and  their  phosphates  and  sulphates  are  in  several  cases  closely 
isomorphous;  further,  the  relation  of  the  iron  series  to  that  of  the  platinum 
series  is  exhibited  in  the  isomorphism  of  FeSj,  FeAsS,  FeAss,  etc.,  with  PtAs2 
and  probably  RuSs. 

466.  Combining  Weight.  —  Chemical  investigation  proves  that  the 
mass  of  a  given  element  entering  into  a  compound  is  always  proportional 
either  to  its  atomic  weight  or  to  some  simple  multiple  of  this;  the  atomic 
weight  is  hence  also  called  the  combining  weight.  Thus  in  rock  salt,  sodium 
chloride,  the  masses  involved  of  sodium  and  chlorine  present  are  found  by 
analysis  to  be  equal  to  39 '4  and  60*6  in  100  parts,  and  these  nimibers  are  in 
proportion  to  23  :  35 '4,  the  atomic  weights  of  sodium  and  chlorine;  hence  it  is 
concluded  that  one  atom  of  each  is  present  in  the  compound.  The  formula  is, 
therefore,  NaCl.  In  calcium  chloride,  by  the  same  method  the  masses  pres- 
ent are  foimd  to  be  proportional  to  399  :  70*8,  that  is,  to  39*9  :  2  X  35*4; 
hence  the  formula  is  CaCla. 

Still  again,  a  series  of  compounds  of  nitrogen  with  oxygen  is  known  in  which  the  ratios 
of  the  masses  of  the  two  elements  are  as  follows:  (1)  28  :  16,  (2)  14  :  16,  (3)  28  :  48,  (4)  14  :  32, 
(5)  28  :  80.  It  is  seen  at  once  that  these  must  have  the  formulas  (1)  NsO,  (2)  NO,  (3)  NaO», 
(4)  NOi,  (5)  NaO».  On  the  contrary,  atmospheric  air  which  contains  tnese  elements  in 
about  the  ratio  of  76'8  to  23*2  cannot  be  a  chemical  compound  of  these  dements,  since 
(aside  from  other  considerations)  these  numbers  are  not  in  the  ratio  of  n  X  14  :  m  X  16 
where  n  and  tn  are  simple  whole  numbers. 

467.  Molecular  Weight.  —  The  molecular  weight  is  the  weight  of  the 
molecule  of  the  given  substance,  expressed  in  terms  of  the  mass  of  th&  hydro- 
gen atom  as  unit.  The  molecular  weight  of  hydrogen  is  2  because  the  mole- 
cule can  be  shown  to  consist  of  two  atoms.  The  molecular  weight  of  hydro- 
chloric acid  (HCl)  is  36'4,  of  water  vapor  (HjO)*  18,  of  hydrogen  sulphide 
(H,S)  34. 

Since,  according  to  the  law  of  Avagadro,  like  volumes  of  different  gases 
under  like  conditions  as  to  temperature  and  pressure  contain  the  same  number 
of  molecules,  it  is  obvious  that  the  molecular  weight  of  substances  in  the  form 
of  gas  can  be  derived  directly  from  the  relative  density  or  specific  gravity. 
If  the  density  is  referred  to  hydrogen,  whose  molecular  weight  is  2,  it  will 
be  always  true  that  the  molecular  weight  is  twice  the  density  in  the  state  of  a 
gas  and  vice  versa.  Thus  the  observed  density  of  carbon  dioxide  (CQ2)  is  22, 
hence  its  molecular  weight  must  be  44.  It  is  this  principle  that  makes  it 
possible  in  the  case  of  a  gas  to  fix  the  constitution  of  the  molecule  when  the 
ratio  in  number  of  the  atoms  entering  into  it  has  been  determined  by  analysis. 
In  the  case  of  solids,  where  the  constitution  of  the  molecule  in  general  cannot 
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be  fixed,  it  is  best,  as  already  stated,  to  write  the  molecular  formula  in  its 
simplest  form,  as  NaAlSiaOs  for  albite.  The  sum  of  the  weights  of  the  atoms 
present  is  then  taken  as  the  molecular  weight. 

468.  Valence.  —  The  valence  of  an  element  is  given  by  a  number 
representing  the  capacity  of  its  atoms  to  combine  with  the  atoms  of  some 
unit  element  like  hydrogen  or  chlorine.  Thus,  using  the  examples  of  Art. 
466,  in  NaCl,  since  one  atom  of  sodium  unites  with  one  of  chlorine,  its 
valence  is  one;  or,  in  other  words,  it  is  said  to  be  univalent.  Further, 
calcium  (as  in  CaCb),  also  barium,  etc.,  are  bivalent;  aluminiiun  is  triva- 
lent;  silicon  is  tetravalent,  etc.  The  valence  may  be  expressed  by  the 
niunber  of  bonds  by  which  one  element  in  a  compoimd  is  united  to  another, 

Na-Cl,  Ba=Cl,,  AusClg,  SnsCU,  etc. 

A  considerable  number  of  the  elements  show  a  different  valence  in  different 
compounds.  Thus  both  SbjOs  and  SbjOs  are  known;  also  FeO  and  FeaOj; 
CuCl  and  CuCU.  These  possible  variations  are  indicated  in  the  following 
table  which  gives  the  valences  for  the  common  elements. 

Univalent:  H,  CI,  Br,  I,  F;  Li,  Na,  K,  Rb,  Cs,  Ag,  Hg,  Cu,  Au. 

Bivalent:  0,  S,  Se,  Te;  Be,  Mg,  Ca,  Sr,  Ba,  Pb,  Hg,  Cu,  Zn,  Co,  Ni,  Fe, 
Mn,  Cr,  C,  Sn. 

Trivalent:  B,  Au,  Al,  Fe,  Mn,  Cr,  Co,  Ni,  N,  P,  As,  Sb,  Bi. 

Tetravalent:  C,  Si,  Ti,  Zr,  Sn,  Mn,  Pb. 

Pentavalent:  N,  P,  As,  Sb,  V,  Bi,  Nb,  Ta. 

469.  Chemical  Reactions.  —  When  solutions  of  two  chemical  sub- 
stances are  brought  together,  in  many  cases  they  react  up)on  each  other  with 
the  result  of  forming  new  compounds  out  of  the  elements  present;  this  phe- 
nomenon is  called  a  chemical  reaction.  One  of  the  original  substances  may  be 
a  gas,  and  in  many  cases  similar  results  are  obtained  from  a  liquid  and  a  solid, 
or  less  often  from  two  solids. 

For  example,  solutions  of  sodium  chloride  (NaCl)  and  silver  nitrate 
(AgNOs)  react  on  each  other  and  yield  silver  chloride  (AgCl)  and  sodium 
nitrate  (NaNOg).    This  is  expressed  in  chemical  language  as  follows: 

NaCl  +  AgNOa  =  AgCl  +  NaNO,. 

This  is  a  chemical  equation,  the  sign  of  equality  meaning  that  equal  weights 
are  involved  both  before  and  after  the  reaction. 

Again,  hydrochloric  acid  (HCl)  and  calcium  carbonate  (CaCOa)  yield 
calcium  chloride  (CaCU)  and  carbonic  acid  (HjCOs);  which  last  breaks  up 
into  water  (H2O)  and  carbon  dioxide  (CO2),  the  last  going  off  as  a  gas  with 
effervescence.     Hence 

CaCOs  +  2HC1  =  CaCla  +  H,0  +  COj. 

460.  Radicals.  —  A  compound  of  two  or  more  elements  according  to 
their  relative  valence  in  which  all  their  bonds  are  satisfied  is  said  to  be  aatnr' 
rated.  This  is  true  of  H2O,  or,  as  it  may  be  written,  H — O — H.  If,  however, 
one  or  more  bonds  is  left  unsatisfied,  the  resulting  combination  of  elements  is 
called  a  radical.  Thus  —  O  — H,  called  briefly  hydroxyl,  is  a  common  radical, 
having  a  valence  of  one,  or,  in  other  words,  univalent ;  NH4  is  again  a  univalent 
radic^;  so,  too,  (CaF),  (MgF)  or  (AlO).  Radicals  often  enter  into  a  com- 
pound like  a  simple  element;  for  example,  in  ammonium  chloride,  NH4CI,  the 
univalent  radical  NH4  plays  the  same  part  as  the  univalent  element  Na  in 
NaCl.     In  the  chemical  composition  of  mineral  species,  the  commonest  radical 
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is  hydroxyl  ( — 0 — H)  already  defined.    Other  examples  are  (CaF)  in  apatite 
(see  Art.  471),  (MgF)  in  wagnerite,  (AlO)  in  many  basic  silicates,  etc. 

461.  Chemical  Compotind.  —  A  chemical  compound  is  a  combination 
of  two  or  more  elements  united  by  the  force  of  chemical  attraction.  It  is 
always  true  of  it,  as  before  stated  (Art.  466),  that  the  elements  present  are 
combined  m  the  proportion  of  their  atomic  weights  or  some  simple  multiples 
of  these.  A  substance  which  does  not  satisfy  this  condition  is  not  a  compound, 
but  only  a  mechanical  mixture. 

Examples  of  the  simpler  class  of  compounds  are  afforded  by  the  oxides,  or 
compounds  of  oxygen  with  another  element.  Thus,  among  minerals  we  have 
CusO,  cuprous  oxide  (cuprite);  ZnO,  zinc  oxide  (zincite);  AlsOs,  alumina 
(corundum);  SnQ2,  tin  dioxide  (cassiterite) ;  SiQ2,  silicon  dioxide  (quartz); 
AssOk,  arsenic  trioxide  (arsenolite). 

Another  simple  class  of  compounds  are  the  sulphides  (with  the  selenides, 
tellurides,  arsenides,  antimonides,  etc.),  compounds  in  which  sulphur  (selen- 
ium, tellurium,  arsenic,  antimony,  etc.)  plays  the  same  part  as  oxygen  in  the 
oxides.  Here  belong  CutS,  cuprous  sulphide  (chalcocite) ;  ZnS,  zinc  sulphide 
(sphalerite);  PbTe,  lead  teUuride  (altaite);  FeSt,  iron  disulphide  (pyrite); 
8bSz9  antimony  trisulphide  (stibnite). 

M2.  Adds.  —  The  more  complex  chemical  compounds,  an  understanding 
of  which  is  needed  in  a  study  of  minerals,  are  classed  as  adds,  bases,  and 
salts;  the  distinctions  between  them  are  important. 

An  acid  is  a  compound  of  hydrogen,  or  hydroxyl,  with  a  non-metallic 
element  (as  chlorine,  sulphur,  nitrogen,  phosphorus,  etc.),  or  a  radical  con- 
taining these  elements.  When  dissolved  in  water  they  all  give  the  positive 
hydrogen  ion  and  a  negative  ionic  substance  such  as  CI,  SO4,  etc.  The 
hydrogen  atoms  of  an  acid  may  be  replaced  by  metallic  atoms;  the  result 
being  then  the  formation  of  a  salt  (see  Art.  464).  Acids  in  general  turn  blue 
litmus  paper  red  and  have  a  sharp,  sour  taste.  The  following  are  familiar 
examples: 

HCl,  hydrochloric  acid, 

HNOs,  nitric  acid. 

HjCOj,  carbonic  acid. 

H2SO4,  sulphuric  acid. 

H2SiOs,  metasilicic  acid. 

H3PO4,  phosphoric  acid. 

H4Si04,  orthosilicic  acid. 

It  is  to  be  noted  that  with  a  given  acid  element  several  acids  are  possible. 
Thus  normal,  or  orthosilicic,  acid  is  H4Si04,  in  which  the  bonds  of  the  ele- 
ment silicon  are  all  satisfied  by  the  hydroxyl  (HO).  But  the  removal  of  one 
molecule  of  water,  HjO,  from  this  gives  the  formula  HtSiOs,  or  metasilicic 
acid. 

Acids  which,  like  HNOj,  contain  one  atom  of  hydrogen  that  may  be 
replaced  by  a  metaUic  atom  (e.g.,  in  KNOs)  are  called  monobasic.  If,  as  in 
H2COS  and  H2SO4,  there  are  two  atoms  or  a  single  bivalent  atom,  (e.g.,  in 
CaCOa,  BaS04)  the  acids  are  dibasic.    Similarly,  H8PO4  is  tribasiCf  etc. 

Most  acids  are  liquids  (or  gases),  and  hence  acids  are  represented  very 
sparingly  among  minerals;  B(0H)3,  boric  acid  (sassoUte),  is  an  iUustration. 

463.  Bases.  —  The  basesj  or  hydroxides,  as  they  are  also  called,  axe 
compounds  which  may  be  regarded  as  formed  of  a  metallic  element  (or  radical) 
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and  the  univalent  radical  hydroxyl,  —  (OH) ;  or,  in  other  words,  of  an  oxide 
with  water.  Thus  potash,  K2O,  and  water,  H2O,  form  2K(0H),  or  potassium 
hydroxide;  also'  CaO  +  H2O  similarly  give  Ca(0H)2,  or  calcium  hydroxide. 
In  general,  when  soluble  in  water,  bases  give  an  alkaline  reaction  with  turmeric 
paper  or  red  litmus  paper,  and  they  also  neutralize  an  acid,  as  explained  in 
the  next  article.  Further,  the  bases  yield  water  on  ignition,  that  is,  at  a 
temperature  sufficiently  high  to  break  up  the  compound. 

Among  minerals  the  bases  are  represented  by  the  hydroxides,  or  hydrated 
oxides,  as  Mg(0H)2,  magnesium  hydrate  (brucite);  A1(0H)2,  aluminium 
hydrate  (gibbsite);  also,  (A10)(0H),  diaspore,  etc. 

464.  Salts.  —  A  third  class  of  compounds  are  the  salts;  these  may  be 
regarded  as  formed  chemically  by  the  reaction  of  a  base  upon  an  acid,  or,  in 
other  words,  by  the  neutralization  of  the  acid.  Thus  calcium  hydrate  and  sul- 
phuric acid  give  calcium  sulphate  and  water: 

Ca(0H)2  +  H,S04  =  CaSO*  +  2H2O. 

Here  calcium  sulphate  is  the  salt,  and  in  this  case  the  acid,  sulphuric  acid,  is 
said  to  be  neutralized  by  the  base,  caldiun  hydroxide.  It  is  instructive  to 
compare  the  formulas  of  a  base,  an  acid,  and  the  corresponding  salt,  as 
follows: 

Base,  Ca(0H)2;      Acid,  H2SO4;      Soli,  CaS04. 

Here  it  is  seen  that  a  salt  may  be  simply  described  as  formed  from  an  acid  by 
the  replacement  of  the  hydrogen  atom,  or  atoms,  by  a  metallic  element  or 
radical. 

466.  Typical  Salts.  —  The  commonest  types  of  salts  represented 
among  minerals  are  the  following: 

Chlorides:  salts  of  hydrochloric  acid,  HCl;  as  AgCl,  silver  chloride  (cerar- 
gyrite). 

Nitrates:  salts  of  nitric  acid,  HNOj;  as  KNOs,  potassium  nitrate  (niter). 

Carbonates:  salts  of  carbonic  acid,  H2CO8;  as  CaCOs,  calcium  carbonate 
(calcite  and  aragonite). 

Sidphates:  salts  of  sulphuric  acid,  H2SO4;  as  CaSOi,  calcium  sulphate 
(anhydrite). 

Phosphates:  salts  of  phosphoric  acid,  H8PO4;  as  Ca«(P04)2,  calcium  phos- 
phate. 

Silicates:  several  classes  of  salts  are  here  included.  The  most  common  are 
the  salts  of  metasilicic  acid,  H2Si08;  as  MnSiOa,  manganese  metasiUcate 
(rhodonite).  Also  salts  of  orthosilicic  acid,  H4Si04;  as  Mn2Si04,  manganese 
orthosilicate  (tephroite). 

Numerous  other  classes  of  salts  are  also  included  among  mineral  species; 
their  composition,  as  well  as  that  of  complex  salts  of  the  above  t3rpes,  is 
explained  in  the  descriptive  part  of  this  work. 

466.  Normal,  Acid,  and  Basic  Salts.  —  A  neutral  or  normal  salt  is  one 
in  which  the  basic  element  completely  neutralizes  the  acid,  or,  in  other  words, 
one  of  the  type  already  given  as  examples,  in  which  all  the  hydrogen  atoms  of 
the  acid  have  been  replaced  by  metallic  atoms  or  radicals.  Thus,  K2SO4  is 
normal  potassium  sulphate,  but  HKSO4,  on  the  other  hand,  is  acid  potassiimi 
sulphate,  since  in  the  acid  H2SO4  only  one  of  the  bonds  is  taken  by  the  basic 
element  potassium.     Salts  of  this  kind  are  called  add  salts.    The  formula  in 
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such  cases  may  be  written  *  as  if  the  compound  consisted  of  a  normal  salt  and 
an  acid;  thus,  for  the  example  given,  K2SO4 .  HsS04. 

A  basic  soM  is  one  in  which- the  acid  part  of  the  compound  is  not  sufficient 
to  satisfy  all  the  bonds  of  the  base.  Thus  malachite  is  a  basic  salt  —  basic 
carbonate  of  copper  —  its   composition  being  expressed  by  the  formula 

Cu2(OH)2C03.    This  may  be  written  CuCOs .  Cu(OH)j,  or  (Cuj)  Z  (qh) 

The  majority  of  minerals  consist  not  of  simple  salts,  as  those  noted  above,  but 
of  more  or  less  complex  double  salts  in  which  several  metallic  elements  are 
present.  Thus  conmion  grossular  garnet  is  an  orthosilicate  containing  both 
calcium  and  aluminium  as  bases;  its  formula  is  CasAlsCSiO^s. 

467.  Sulpho*salts.  —  The  salts  thus  far  spoken  of  are  all  oxygen  salts. 
There  are  also  others,  of  analogous  constitution,  in  which  sulphur  takes  the 
place  of  the  oxygen;  they  are  hence  called  aulpho-saUs,  Thus  normal  sulph- 
arsenious  acid  has  the  formula  HsAsSs,  and  the  corresponding  silver  salt  is 
AgsAsSs,  the  mineral  proustite.  Similarly  the  silver  salt  of  the  analogous 
antimony  acid  is  AggSbSs,  the  mineral  pyrargyrite.  From  the  normal  acids 
named,  a  series  of  other  hypothetical  acids  may  be  derived,  as  HAsSs,  H4ASSS6, 
etc. ;  these  acids  are  not  known  to  exist,  but  their  salts  are  important  minerals. 
Thus  zinkenite,  PbSb2S4,  is  a  salt  of  the  acid  HsSbiS4,  and  jamesonite,  Pb^SbsSs, 
of  the  acid  H4Sb2S6,  etc. 

468.  Water  of  Crystallization.  —  As  stated  in  Art.  463,  the  hydroxides, 
or  bases,  and  further  basic  salts -in  general,  yield  water  when  ignited.  Thus 
calcium  hydroxide  Ca(0H)2  breaks  up  on  heating  into  CaO  and  HsO,  as 
expressed  in  the  chemical  equation 

2Ca(OH)2  =  2CaO  +  HjO. 

So  also  the  basic  cupric  carbonate,  malachite,  Cu2(OH)2C08,  yields  water  on 
ignition;  and  the  same  is  true  of  the  complex  basic  orthosilicates,  like  zoisite, 
whose  formula  is  (HO)Ca2Al3(Si04)3.  It  is  not  to  be  understood,  however,  in 
these  or  similar  cases,  that  water  as  such  is  present  in  the  substance. 

On  the  other  hand,  there  is  a  large  number  of  mineral  comp)ounds  which 
yield  water  readily  when  heated,  and  in  which  the  water  molecules  are  regarded 
as  present  as  so-called  water  of  crystallization.  Thus,  the  formula  of  gypsum 
is  written 

CaS04  +  2H2O, 

and  the  molecules  of  water  (2H2O)  are  considered  as  water  of  crjrstallization. 
So,  too,  in  potash  alum,  KA1(S04)2  +  I2H2O,  the  water  is  believed  to  play  the 
same  part. 

469.  Formulas  of  Minerals.  —  The  strictly  empirical  formula  expresses 
the  kinds  and  numbers  of  atoms  of  the  elements  present  in  the  given  com- 
p)ound,  without  attempting  to  show  the  way  in  which  it  is  believed  that  the 
atoms  are  combined.  Thus,  in  the  case  of  zoisite  the  empirical  formula  is 
HCa2Al3Si30i8.  While  not  attempting  to  represent  the  structural  formula 
(which  will  not  be  discussed  here),  it  is  convenient  in  certain  cases  to  indicate 
the  atoms  which  there  is  reason  to  believe  play  a  peculiar  relation  to  each  other. 
Thus  the  same  formula  written  (HO)Ca2Al3(Si04)s  shows  that  it  is  regarded  as 
a  basic  orthosilicate,  in  other  words,  a  basic  salt  of  orthosilicic  acid,  H4Si04. 

*  This  early  form  of  writing  the  composition  explains  the  name  often  given  to  the  com- 
pound, namely,  in  this  case,  '' bisulphate  of  potash." 
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Again,  the  empirical  formula  of  common  apatite  is  CasFPsOn ;  but  if  this 
is  written  (CaF)Ca4(P04)8,  it  shows  that  it  is  regarded  as  a  phosphate  of  the 
acid  H3PO4,  that  is,  Ho(P04)3,  in  which  the  nine  hydrogen  atoms  are  replaced 
by  four  Ca  atoms  together  with  the  univalent  radical  (CaF).  In  another  kind 
of  apatite  the  radicd  (CaCl)  enters  in  the  same  way.  Similarly  to  this  the 
formula  of  pyromorphite  is  (PbCl)Pb4(P04)3,  of  vanadinite  (PbCl)Pb4(V04)s. 

Further,  it  is  often  convenient  to  employ  the  method  of  writing  the  form- 
ulas in  vogue  under  the  old  dualistic  system.    For  example, 

CaO.GOj  for  CaCOa, 
3CaO  .  AI2O8 .  SSiOs  for  CasAUSiaOw, 
3Ag^  .  SbjSs  for  AggSbSs,  etc. 

It  is  no  longer  believed,  however,  that  the  molecular  groups  CaO,  AUOj,  etc., 
actually  exist  in  the  molecule  of  the  substance.  But  in  part  because  these 
groups  are  what  analysis  of  the  substance  affords  directly,  and  in  part  because 
so  easily  retained  in  the  memory,  this  method  of  writing  is  still  often  used. 

470.  Calculation  of  a  Formula  from  an  Analysis.  —  The  result  of  an 
anal3rsis  gives  the  proportions,  in  a  hundred  parts  of  the  mineral,  of  either  the 
elements  themselves,  or  of  their  oxides  or  other  compounds  obtained  in  the 
chemical  analysis.    In  order  {o  obtain  the  atomic  prop)ortions  of  the  elements: 

Divide  the  percentages  of  the  elements  by  the  respective  atomic  weights; 
or,  for  those  of  the  oxides:  Divide  the  percentage  amounts  of  each  by  their 
molecular  weights;  then  find  the  simplest  ratio  in  whole  numbers  for  the 
numbers  thus  obtained,  . 

Example.  —  An  analysis  of  boumonite  from  Wolfsberg  gave  C.  Bromeis  the  results  under 
(1)  below.  These  percentages  divided  by  the  respective  atomic  weights,  as  indicated,  give 
the  numbers  under  (2).  Finally  the  ratio  of  these  numbers  gives  very  nearly  1:3:1:1. 
Hence  the  formula  derived  is  CuPbSbSi.  The  theoretical  values  called  for  by  the  formula 
are  added  under  (4). 


(1)                          (2) 

(3) 

(4) 

Sb 

24-34  +  120     =  0-203 

1 

24-7 

S 

19-76 -s-    32     -0-617 

3 

19-8 

Pb 

42-88  -5-  206-4  «  0208 

1 

42-5 

Cu 

1306  +    63-2  =  0-207 

1 

130 

10004  1000 

Second  Example.  —  The  mean  of  two  analsrses  of  a  garnet  from  Alaska  gave  Kountze  the 
results  under  (1)  below.  Here,  as  usual,  the  percentage  amounts  of  the  several  molecular 
groups  (SiOt,  AliOs,  etc.)  are  given  instead  of  those  of  the  elements.  These  amounts 
aivided  by  the  respective  molecular  weights  give  the  numbers  under  (2).  In  this  case  the 
amounts  of  the  protoxides  are  taken  together  and  the  ratio  thus  obtained  is  3*09  :  1  :  2*92, 
which  corresponds  approximately  to  the  formula  3FeO.AliOi.3SiOt,  or  FejAlt('Si04)i.  The 
magnesium  m  this  garnet  would  ordinarily  be  explained  by  the  presence  of  the  pyrope 
molecule  (MgsAls[Si04|i)  together  with  the  simple  almandlte  molecule  whose  composition 
is  given  above. 

(1)  (2)  (3) 

SiO,  39-29  -5-    60   =  0655  3-09 

AljOi  21-70  +  102  =  0-212  1 

FesOi  tr. 

FeO  30*82  4-71-9  =  04291 

MnO  1*51  -^  708  «  0022 

MgO  5-26  -^  40     =  0*132 

CaO  1-99  -^  55-9  -  0036 

100-67 


0'619  2-92 


It  is  necessary,  when  very  small  quantities  only  of  certain  elements  (as  MnO,  MgO,  CaO 
above)  are  present,  to  neglect  them  in  the  final  formula,  reckoning  them  in  with  the  elements 
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which  they  replace,  that  is.  with  those  of  the  same  quantivalence.  The  degree  of  ooire- 
spondence  between  the  analysis  and  the  fonnula  deduced,  if  the  latter  is  correctly  assumed » 
depends  entirely  upon  the  accuracy  of  the  former. 


471.  Isomorphism.  —  Chemical  compounds  which  have  an  analogous 
composition  and  a  closely  related  crystalline  form  are  said  to  be  isomorphous. 
This  phenomenon,  called  isomobphism,  was  first  clearly  brought  out  by  Mit- 
scherlich.  * 

Many  examples  of  groups  of  isomorphous  compounds  will  be  found  among 
the  minerals  described  in  the  following  pages.  Some  examples  are  mentioned 
here  in  order  to  elucidate  the  subject. 

In  the  brief  discussion  of  the  periodic  classification  of  the  chemical  ele- 
ments of  Art.  466)  attention  has  been  called  to  the  prominent  groups  among 
the  elements  which  form  analogous  compounds.  Thus  calcium,  barium,  and 
strontium,  and  also  lead,  form  the  two  series  of  analogous  compounds, 

Aragonite  Group  Barite  Group 

CaCOs,  aragonite.  Also        CaS04,  anhydrite. 
BaCOs,  witherite.  BaSOi,  barite. 

SrCOs,  strontianite.  SrS04,  celestite. 

PbCOi,  cerussite,  PbS04,  anglesite. 

Further,  the  members  of  each  series  crystallize  in  closely  similar  forms.  The 
carbonates  are  orthorhombic,  with  axial  ratios  not  far  from  one  another;  thus 
the  prismatic  angle  approximates  to  60^  and  120^,  and  corresponding  to  this 
they  all  exhibit  pseudo-hexagonal  forms  due  to  twinning.  The  sulphates  also 
form  a  similar  orthorhombic  series,  and  though  anhydrite  deviates  somewhat 
widely,  the  others  are  close  together  in  angle  and  in  cleavage. 

Again,  calcium,  magnesium,  iron,  zinc,  and  manganese  form  a  series  of  car- 
bonates with  analogous  composition  as  shown  in  the  list  of  the  species  of 
the  Calcite  Group  given  on  p.  437.  This  table  brings  out  clearly  the  close 
relation  in  form  between  the  species  named. 

Further  it  is  also  generally  true  with  an  isomorphous  series  that  the  various 
molecules  may  enter  in  greater  or  less  d^jee  into  the  constitution  of  one  of  the 
members  of  the  series  without  causing  any  marked  change  in  the  crystal 
characters.  For  instance,  in  the  Calcite  Group,  calcite  itself  may  contain 
small  percentages  of  MgCOs,  FeCOs  and  MnCOs.  These  different  molecules 
may  assume  in  the  crystal  structure  of  the  mineral  the  same  functions  as  the 
corresponding  amounts  of  CaCOg  which  they  have  replaced.  The  molecules 
of  magnesite  and  siderite,  MgCOi  and  FeCOa,  may  replace  each  other  in  any 
proportion  and  the  same  is  true  with  siderite  and  rhodochrosite,  MnCOs. 
Various  intermediate  mixtures  of  these  latter  molecules  have  been  described 
and  given  distinctive  names  to  which  definite  formulas  have  been  assigned.  It 
is  doubtful,  however,  if  these  compounds  have  any  real  existence  but  merely 
represent  certain  points  in  the  complete  isomorphous  series  that  lies  between 
the  end  members.  Dolomite,  CaMg(C0s)2,  on  the  other  hand,  is  a  definite 
comp)ound  and  not  an  isomorphous  mixture  of  CaCOa  and  MgCOa.  It  may, 
however,  contain  varjdng  amounts  of  FeCOa,  MnCOa  and  abo  an  excess  of 
CaCOa  or  MgCOs,  all  of  which  enter  the  regular  molecule  in  the  form  of 
isomorphous  replacements. 

The  Apatite  Group  forms  another  valuable  illustration  since  in  it  are 
represented  the  analogous  compounds,  apatite  and  pyromorphite,  both  phos- 
phates, but  respectively  phosphates  of  calcium  and  lead;  also  the  analogous 
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lead  compounds  p3rromorphite,  mimetite,  and  vanadinite  respectively  lead 
phosphate,  lead  arsenate,  and  lead  vanadate.  Further,  in  all  these  compounds 
the  radical  (RCl)  or  (RF)  enters  in  the  same  way  (see  Art.  469).  Thus  the 
formudas  for  the  two  kinds  of  apatite  and  that  for  pyromorphite  are  as  follows: 

(CaF)Ca4(P04)8,  (CaCl)Ca4(P04)»,  (PbCDPbiCPOOa. 

Some  of  the  more  important  isomorphous  groups  are  mentioned  below.  For  a  discus- 
sion  of  them,  as  well  as  of  many  others  that  might  be  mentioned  here,  reference  must  be 
made  to  the  descriptive  ^rt  of  this  work. 

Isometric  System.  —  The  Spinel  group,  including  spinel,  MgAl|04;  also  magnetite, 
chromite,  franklinite,  gahnite,  etc.  The  Galena  group,  as  g^ena,  PbS;  argentite,  Ag^, 
etc.    The  Garnet  group,  as  grossularite,  CatAliSiiOu>  etc. 

Tetragonal  System.  —  Rutile  group,  including  rutile,  TiOt;  cassiterite,  SnOs.  The 
Scheelite  group,  mduding  scheeUte,  CaW04;  stolsite,  Pbw04;  wulfenite,  PbMo04. 

Hexagonal  System.  —  Apatite  group,  already  mentioned,  including  apatite,  pyromor- 
phite, mmietite,  and  vanadinite.  Corundum  group,  corundum,  AlgOt;  hematite,  FeiOt. 
CaJcite  group,  already  mentioned.    Phenacite  group,  etc. 

OrthSrhomhic  System,  —  Aragonite  group,  and  Barite  group,  both  mentioned  above. 
Chrysohte  group,  (Mg,Fe)aSi04;  Topaz  group,  etc. 

Monoclinic  System.  —  Copperas  0x>up,  including  mdanterite,  FeS04  +  7HsO;  bieberite, 
C0SO4  +  7H2O,  etc.    Pyroxene  and  Amphibole  groups,  and  the  Mica  group. 

MonocUnie  and  Tridinic  Systems.  —  Feldspar  group. 

472.  Isomorphous  Mixtures.  —  It  is  important  to  note  that  the  inter- 
mediate compounds  in  the  case  of  an  isomorphous  series,  such  as  those  spoken 
of  in  the  preceding  article,  often  show  a  distinct  gradation  in  crystalline  form, 
and  more  particularly  in  physical  characters  {e.g.,  specific  gravity,  optical 
properties,  etc.)-  This  is  illustrated  by  the  species  of  the  calcite  group  already 
referred  to;  also  still  more  strikingly  by  the  group  of  the  triclinic  feldspars  as 
fully  discussed  under  the  description  of  that  group.    See  further  Art.  424. 

The  feldspars  also  illustrate  two  other  important  points  in  the  subject, 
which  must  be  briefly  alluded  to  here.  The  triclinic  feldspars  have  been  shown. 
by  Tschermak  to  be  isomorphous  mixtures  of  the  end  compounds  in  varying 
proportions: 

Albite,  NaAlSiaOg.  Anorthite,  CaAlaSiaOa.' 

Here  it  is  seen  that  these  compounds  have  not  an  analogous  composition  in  the 
narrow  sense  previously  illustrated,  and  yet  they  are  isomorphous  and  form  an 
isomorphous  series.  Other  examples  of  this  are  found  among  the  p3rroxene8, 
the  scapolites,  etc. 

Further,  the  Feldspar  group  in  the  broader  sense  includes  several  other 
species,  conspicuously  the  monoclinic  orthoclase,  KAlSi^Os,  which,  though 
belonging  to  a  different  system,  still  approximates  closely  in  form  to  the 
triclinic  species. 

473.  Variation  in  Composition  of  Minerals.  Isomorphous  Replacement 
and  Solid  Solution.  —  The  idea  that  a  mineral  must  rigidly  conform  in  its 
chemical  composition  to  a  theoretical  composition  derived  from  its  formula 
can  no  longer  be  strictly  held.  It  is  true  that  the  majority  of  minerals  do  show 
a  close  correspondence  to  that  theory,  commonly  within  the  limits  of  possible 
errors  in  the  analyses.  On  the  other  hand,  many  minerals  show  slight  and 
certain  ones  considerable  variations  from  their  theoretical  compositions. 
These  variations,  can  usually  be  explained  by  the  principle  of  isomorphism. 
An  instructive  example  is  the  case  of  sphalerite.  Note  in  the  analyses  quoted 
below  how  the  percentages  of  zinc  diminish  and  those  of  iron  correspondingly 
increase.    It  is  evident  from  these  analyses  that  iron,  and  in  a  much  smaller 
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degree  other  metals,  may  enter  into  the  chemical  compound  and  while  replac- 
ing the  zinc  perform  the  same  function  as  it,  in  the  crystalline  structure  of  the 
mineral.  The  iron  is  therefore  spoken  of  as  being  isomorphous  with  the  zinc 
or  the  iron  sulphide  molecule  as  isomorphous  with  the  zinc  sulphide  molecule. 
There  is  no  definite  ratio  between  the  amounts  of  the  iron  and  zinc  that  may 
be  present  but  there  is  a  constant  ratio  (1  : 1)  between  the  sum  of  the  atoms 
of  the  metals  and  the  atoms  of  sulphur.  That  is,  although  the  composition 
may  vary,  the  atomic  ratios  and  the  crystalline  structure  remain  constant.  In 
some  cases  this  interchange  between  elements  or  radicals  may  be  complete, 
in  other  cases  there  may  be  distinct  limitations  to  the  amount  by  which  any 
element  or  radical  may  be  replaced  by  another.  For  instance  in  sphalerite 
the  maximum  percentage  of  the  isomorphous  iron  seems  to  be  about  16  to 
18  per  cent. 

Colorleas  Sphalerite  Brown  Si>halerite  Black  Sphalerite 

8  32.93  S  33.36  S  33.25 


Brown  Sphalerite 

s 

33.36 

Zn 

63.36 

Fe 

3.60 

Zn  66.69  Zn  63.36  Zn  50.02 

Fe  0.42  Fe  3.60  Fe  15.44 

100.04  100.32  Cd  0.30 

Pb  1.01 

100.02 

Further,  we  have  cases  where  a  compound  may,  in  a  certain  sense,  dissolve 
another  unrelated  substance  and  form  what  is  known  as  a  solid  soliUian. 
This  kind  of  phenomenon  is  well  recognized  among  artificial  salts  and  has 
recently  been  definitely  proved  with  certain  minerals.  For  instance,  it  has 
been  shown  experimentaUy  that  the  artificial  iron  sulphide,  FeS,  correspond- 
ing to  pyrrhotite,  can  dissove  an  excess  of  sulphur  up  to  about  6  per  cent. 
Natural  pyrrhotite  always  contains  an  excess  of  sulphur  over  that  required  by 
the  formula,  FeS,  and  various  formulas  such  as  FerSs,  FcnSn+i,  etc.,  have  been 
ajssigned  to  the  mineral.  This  extra  sulphur  in  the  mineral  varies  in  amount 
but  also  has  as  its  maximum  about  6  per  cent.  In  view  of  the  experimental 
data  there  is  no  doubt  but  that  pyrrhotite  should  be  considered  as  the  mono- 
sulphide  of  iron  containing  varying  small  amounts  of  excess  sulphur  in  the 
form  of  a  solid  solution. 

Another  case  of  solid  solution  is  undoubtedly  shown  by  nephelite  which 
commonly  contains  a  small  excess  of  SiOj.  It  is  very  probable  that  further 
investigation  wiU  show  that  many  minerals  have  this  power  of  holding  in 
solid  solution  small  amounts  of  foreign  substances  and  that  many  hitherto 
inexpUcable  discrepancies  in  their  analyses  may  be  explained  in  this  way. 
Such  an  assumption  should  not  be  made,  however,  without  convincing  proof 
of  its  probability,  since  many  analytical  discrepancies  are  undoubtedly  due  to 
either  faulty  analyses  or  to  impure  material. 

474.  Colloidal  Minerals  or  Mineral  Gels.*  —  It  has  been  recognized 
recently  that  our  amorphous  hydrated  minerals  frequently  do  not  conform  in 
their  analyses  to  the  usually  accepted  formulas  and  cannot  be  regarded  in  the 
strict  sense  as  definite  chemical  compounds.  They  show  rather  the  proper- 
ties of  solid  colloids  or  as  they  are  commonly  called  mineral  gels.  A  colloidal 
solution  may  be  conceived  as  being  intermediate  in  its  characters  between  a 
true  solution  and  the  case  where  the  mineral  material  is  definitely  in  suspen- 

*  For  a  r^sum^  of  the  subject  of  gel  minerals  and  a  complete  bibliography  reference  is 
made  to  articles  by  Marc  and  Himmdbauer,  Fortschritte  Mm.  Krist.  Pet.,  3, 11,  33,  1913. 
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sion  in  a  liquid.  It  is  probable  that  all  gradations  between  these  two  extremes 
may  occur.  The  mineral  gels,  or  hydrogels,  as  they  are  sometimes  called, 
since  water  is  the  liquid  involved,  are  apparently  formed  from  such  colloidal 
solutions  by  some  process  of  coagulation.  They  are  considered  therefore  to 
consist  of  a  micro-heterogeneous  mixture  of  excessively  minute  particles  of 
mineral  material  and  water. 

These  mineral  gels  are  formed  at  low  temperatures  and  pressures  and  are 
characteristically  found  among  the  products  of  rock  weathering  and  in  the 
oxidized  zone  of  ore  deposits.  Some  of  them  also  occur  in  hot  spring  deposits. 
These  minerals  ordinarily  assume  botryoidal,  reniform  or  stalactitic  shapes, 
although,  when  the  conditions  of  formation  do  not  permit  free  growth,  they 
may  be  earthy  or  dendritic.  Frequently  a  mineral  originally  colloidal  may 
become  more  or  less  crystalline  in  character  through  a  molecular  rearrange- 
ment and  develop  a  fibrous'or  foliated  structure.  These  have  been  designated 
as  meta-coUmds. 

One  important  character  of  the  gel  minerals  is  their  power  to  adsorb  foreign 
materials.  If  through  some  change  in  condition  one  of  these  hydrogels  shoidd 
lose  a  part  of  its  water  content  the  remaining  material  would  have  a  finely 
divided  and  porous  structure  exactly  adapted  to  exert  a  strong  power  of 
adsorption.  Consequently,  although  in  many  cases  the  rnsbx  mass  of  the 
mineral  may  have  a  composition  closely  similar  to  some  definite  cr3rstallized 
mineral,  it  will  commonly  show  a  considerable  range  in  composition  due  both 
to  the  non-molecular  relations  of  the  contained  water  and  to  this  se<tondary 
adsorption.  Common  mineral  gels  or  substances  derived  from  them  are  opal, 
bauxite,  psilomelahe,  various  members  of  the  phosphate  and  arsenate  groups, 
etc.  As  suggested  above,  gel  varieties  of  minerals  that  occur  also  in  cr3rstal- 
line  forms  are  thought  to  exist.  For  example  some  authors  speak  of  bauxite 
as  the  gel  form  of  hydrargillite,  stilpnosiderite  as  the  gel  form  of  goethite, 
chrysocolla  of  dioptase,  and  further  give  new  names,  such  as  gelvariscite, 
gelpyrophyllite,  etc.,  to  the  gel  phases  of  the  corresponding  crystalline  minerals. 

476.  Dimorphism.  Isodimorphism.  —  A  chemical  compound,  which 
crystallizes  in  two  forms  genetically  distinct,  is  said  to  be  dimorphous;  if  in 
three,  trimorphoiLS,  or  in  general  pleomorphous.    This  phenomenon  is  called 

DIMORPHISM  or  PLEOMORPHISM. 

An  example  is  given  by  the  compound  calcium  carbonate  (CaCOj),  which 
is  dimorphous :  appearing  as  calcite  and  as  aragonite.  As  caldte  it  crystallizes 
in  the  rhombohedral  class  of  the  hexagonal  system,  and,  unlike  as  its  many 
crystalline  forms  are,  they  may  be  all  referred  to  the  same  fundamental  axes, 
and,  what  is  more,  they  have  all  the  same  cleavage  and  the  same  specific 
gravity  (,2*7)  and,  of  course,  the  same  optical  characters.  As  aragonitey  cal- 
cium carbonate  appears  in  orthorhombic  crystals,  whose  optical  chamcters 
are  entirely  diflferent  from  those  of  calcite;  moreover,  the  specific  gravity  of 
aragonite  (2*9)  is  higher  than  that  of  calcite  (27). 

Many  other  examples  might  be  given:  Titanium  dioxide  (Ti02)  is  tri- 
morphous,  the  species  being  called  nUiley  tetragonal  (c  =  0*6442),  G.  =  4*25; 
odahedrite,  tetragonal  (c  =  1778),  G.  =  3*9;  and  brookite,  orthorhombic, 
G.  =  4*15.  Carbon  appears  in  two  forms,  in  diamond  and  graphite.  Other 
familiar  examples  are  pyrite  and  marcasite  (FeSj),  sphalerite  and  wurtzite 
(ZnS),  etc. 

When  two  or  more  analogous  compounds  are  at  the  same  time  isoinorphoua 
and  dimorphous,  they  are  said  to  be  isodimdrphpua,  and  the  phenomenon  is 
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called  I80DIMORPHI8M.  An  example  of  this  ia  given  in  the  Pyrite  and  Mar- 
casite  groups  described  later.  Thus  we  have  in  the  isometric  Pyrite  Group, 
pyrite,  FeSs,  smaltite,  C0AS2;  in  the  orthorhombic  Marcasite  Group,  marcas- 
ite,  FeS2,  safflorite,  CoAsj,  etc. 

476.  Chemical  and  Microchemical  Analysis.  —  The  analysis  of  min- 
erals is  a  subject  treated  of  in  chemical  works,  and  need  not  be  touched  upon 
here  except  so  far  as  to  note  the  convenient  use  of  certain  qualitative  methods, 
as  described  in  the  later  part  of  this  chapter. 

Of  more  importance  are  the  microchemical  methods  applicable  to  sections 
under  the  microscope  and  often  yielding  decisive  results  with  little  labor. 
This  subject  has  been  particularly  developed  by  Boricky,  Haashofer,  Behrens, 
Streng,  and  others.  Reference  is  made  to  the  discussion  by  Rosenbusch. 
(Mikr.  Phys.,  1904,  p.  435  et  seq.)y  to  Johannsen  (Manual  of  Pet.  Methods, 
559,  et  9eq,f  including  a  bibliogmphy).  Microchemical  methods  used  upon 
polished  surfaces  of  opaque  minerals  are  described  by  Murdock  (Micro. 
Deter.  Opaque  Min.,  1916)  and  by  Davy-Famham  (Micro.  Exam,  of  the 
Ore  Mm.,  1920). 

477.  Mineral  Synthesis.  —  The  occurrence  of  certain  mineral  com- 
pounds (e.g.,  the  chrysolites)  among  the  products  of  metallui^cal  furnaces 
has  long  been  noted.  But  it  has  only  been  in  recent  years  that  the  formation 
of  Artificial  minerals  has  been  made  the  subject  of  minute  systematic  experi- 
mental study.  In  this  direction  the  French  chemists  have  been  particularly 
successful,  and  now  it  may  be  stated  that  the  majority  of  common  minerals  — 
quartz,  the  feldspars,  amphibole,  mica.  etc.  —  have  been  obtained  in  crystal- 
lized form.  Even  the  diamond  has  been  formed  in  minute  crystals  by 
Moissan.  These  studies  are  obviously  of  great  importance  particularly  as 
throwmg  light  upon  the  method  of  formation  of  minerals  m  nature.  The 
chief  results  of  the  work  thus  far  done  are  given  in  the  volumes  mentioned  in 
the  Introduction,  p.  4. 

478.  Alteration  of  Minerals.  Pseudomorphs.  —  The  chemical  altera- 
tion of  mineral  species  under  the  action  of  natiural  agencies  is  a  subject  of 
great  importance  and  interest,  particularly  when  it  results  in  the  change  of  the 
original  composition  into  some  other  equally  definite  compound.  A  crystal- 
lized mineral  which  has  thus  suffered  change  so  that  its  form  no  longer  belongs 
to  its  chemical  composition  has  already  been  defined  (Art.  273|  p.  183)  as  a 
paevdomorph.  It  remains  to  describe  more  f  idly  the  different  kinds  of  pseudo- 
morphs.   Pseudomorphs  are  classed  under  several  heads: 

1.  Pseudomorphs  by  substitiUion. 

2.  Pseudomorphs  by  simple  deposition,  and  either  by  (a)  incntstoHon  or 
(6)  infiUrcUion, 

3.  Pseudomorphs  by  altercUion;  and  these  may  be  altered 

(a)  without  a  change  of  composition,  by  paramjorphism; 

(6)  by  the  loss  of  an  ingredient; 

(c)  by  the  assumption  of  a  foreign  substance; 

((f)  by  a  partial  exchange  of  constitutents. 

1.  The  first  class  of  pseudomorphs,  by  svbsiitution,  embraces  those  cases 
where  there  has  been  a  gradual  removal  of  the  original  material  and  a  cor- 
responding and  simultaneous  replacement  of  it  by  another,  without,  however, 
any  chemical  reaction  between  the  two.  A  common  example  of  this  is  a  piece 
of  fossilized  wood,  where  the  original  fiber  has  been  replaced  entirely  by 
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silica.  Tile  first  step  in  the  process  was  the  filling  of  the  pores  and  cavities 
by  the  silica  in  solution,  and  then  as  the  woody  fiber,  by  gradual  decomposi- 
tion, disappeared  the  silica  further  took  its  place.  Other  examples  are  quartz 
after  fluorite,  calcite,  and  many  other  species;  cassiterite  after  orthoclase; 
native  copper  after  aragonite,  etc. 

2.  Pseudomorphs  by  incrustation  form  a  less  important  class.  Such  are 
the  crusts  of  quartz  formed  over  fluorite.  In  most  cases  the  removal  of  the 
original  mineral  has  gone  on  simultaneously  with  the  deposition  of  the  second, 
so  that  the  resulting  pseudomorph  is  properly  one  of  substitution.  In  pseudo- 
morphs by  infiltration  a  cavity  made  by  the  removal  of  a  cr3rstal  has  been 
filled  by  another  mineral. 

3.  The  third  class  of  pseudomorphs,  by  aUeraiion,  includes  a  considerable 
proportion  of  the  observed  cases,  of  which  the  number  is  very  large.  Con- 
clusive evidence  of  the  change  which  has  gone  on  is  often  furnished  by  a 
nucleus  of  the  original  mineral  in  the  center  of  the  altered  crystal  —  e.g.,  a 
kernel  of  cuprite  in  a  pseudomorphous  octahedron  of  malachite;  also  of 
chrysolite  in  a  pseudomorphous  crystal  of  serpentine,  etc. 

(a)  An  example  of  paramorphism  —  that  is,  of  a  change  in  molecular  con- 
stitution without  change  of  chemical  substance  —  is  furnished  by  the  change 
of  aragonite  to  calcite  (both  CaCOs)  at  a  certain  temperature;  also  the 
paramorphs  of  rutile  after  brookite  (both  Ti02)  from  Magnet  Cove,  Arkansas. 

(6)  An  example  of  the  pseudomorphs  in  which  alteration  is  accompanied 
by  a  loss  of  ingredients  is  furnished  by  crystals  of  native  copper  in  the  form 
of  cuprite. 

(c)  In  the  change  of  cuprite  \o  malachite  —  e.g.,  the  familiar  crystals  from 
Chessy,  France  —  an  instance  is  afforded  of  the  assumption  of  an  ingredient  — 
viz.,  carbon  dioxide  (and  water).  Pseudomorphs  of  gypsum  after  anhydrite 
occur  where  there  has  been  an  assumption  of  water  alone. 

(d)  A  partial  exchange  of  constituents  —  in  other  words,  a  loss  of  one  and 
gain  of  another  —  takes  place  in  the  change  of  feldspar  to  kaolin,  in  which  tibe 
potash  silicate  disappears  and  water  is  taken  up;  pseudomorphs  of  limonite 
after  pyrite  or  siderite,  of  chlorite  after  garnet,  pyromorphite  after  galena, 
are  other  examples. 

The  chemical  processes  involved  in  such  changes  open  a  wide  and  impor- 
tant field  for  investigation.  Their  study  has  served  to  throw  much  light  on 
the  chemical  constitution  of  mineral  species  and  the  conditions  under  which 
they  have  been  formed.  For  the  literature  of  the  subject  see  the  Introduc- 
tion, p.  4  (Blum,  Bischof,  Roth,  etc.). 
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479.  The  complete  investigation  of  the  chemical  composition  of  a  min- 
eral includes,  first,  the  identification  of  the  elements  present  by  qualitative 
analysis,  and,  second,  the  determination  of  the  relative  amounts  of  each  by 
quantitative  analysis,  from  which  last  the  formula  can  be  calculated.  Both 
processes  carried  out  in  full  call  for  the  equipment  of  a  chemical  laboratory. 
An  approximate  qualitative  analysis,  however,  can,  in  many  cases,  be  made 
quickly  and  simply  with  few  conveniences.  The  methods  employed  involve 
either  (a)  the  use  of  acids  or  other  reagents  "  in  the  wet  way,"  or  (6)  the  use 
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of  the  blowpipe,  or  of  both  methods  combined.    Some  practical  instructions 
will  be  given  applying  to  both  cases. 

EXAMINATION  IN  THE  WET  WAY 

480.  Reagents,  etc.  —  The  most  commonly  employed  chemical  re- 
agents are  the  three  mineral  acids,  hydrochloric,  nitric,  and  sulphuric  acids. 
To  these  may  be  added  ammonium  hydroxide,  also  solutions  of  barium  chlo- 
ride, silver  nitrate,  ammonium  molybdate,  ammonium  oxalate;  finally,  dis- 
tilled water  in  a  wash-bottle. 

A  few  test-tubes  are  needed  for  the  trials  and  sometimes  a  porcelain  dish 
with  a  handle  called  a  casserole;  further,  a  glass  funnel  and  filter-paper. 
The  Bunsen  gas-burner  (p.  330)  is  the  best  source  of  heat,  though  an  alcohol 
lamp  may  taike  its  place.  It  is  unnecessary  to  remark  that  the  use  of  acids 
and  the  other  reagents  requires  much  care  to  avoid  injury  to  person  or  clothing. 

In  testing  the  powdered  mineral  with  the  acids,  the  important  points  to  fa^ 
noted  are:  (1)  the  degree  of  solubility,  and  (2)  the  phenomena  attending  entire 
or  partial  solution;  that  is,  whether  (a)  a  solution  is  obtained  quietly,  without 
effervescence,  and,  if  so,  what  its  color  is;  or  (b)  a  gas  is  evolved,  producing 
effervescence;  or  (c)  an  insoluble  constituent  is  separated  out. 

481.  Solubility.  —  In  testing  the  degree  of  solubility  hydrochloric  acid 
is  most  commonly  used,  though  in  the  case  of  many  metallic  minerals,  as  the 
sulphides  and  compounds  of  lead  and  silver,  nitric  acid  is  required.  Less 
often  sulphuric  acid  and  aqua  regia  (nitro-hydrochloric  acid)  are  resorted  to. 

The  trial  is  usually  made  in  a  test-tube,  •and  in  general  the  fragment  of 
mineral  to  be  examined  should  be  first  carefully  pulverized  in  an  agate 
mortar.    In  most  cases  the  heat  of  the  Bunsen  burner  must  be  employed. 

(a)  Many  minerals  are  completely  solvble  withovJi  effervescence;  among 
these  are  some  of  the  oxides,  as  hematite,  limonite,  gothite,  etc.;  some  sul- 
phates, many  phosphates  and  arsenates,  etc.  Gold  and  platinum  are  soluble 
only  in  aqua  regia  or  nitro-hydrochloric  acid. 

A  yellow  solution  is  usually  obtained  if  much  iron  is  present;  a  blue  or 
greenish  blue  solution  (turning  deep  blue  on  the  addition  of  ammonium  hy- 
droxide in  excess)  from  compounds  of  copper;  pink  or  pale  rose  from  cobalt,  etc. 

(6)  Solubility  with  effervescence  takes  place  when  the  mineral  loses  a 
gaseous  ingredient,  or  when  one  is  generated  by  the  mutual  reaction  of  acid 
and  mineral.  Most  conspicuous  here  are  the  carbonates,  all  of  which  dissolve 
with  effervescence,  giving  off  the  odorless  gas  carbon  dioxide  (COj),  though 
some  of  them  only  when  pulverized,  or,  again,  on  the  addition  of  heat.  In 
applying  this  test  dilute  hydrochloric  acid  is  employed. 

Hydrogen  sulphide  (H2S)  is  evolved  by  some  sulphides  when  dissolved  in 
hydrochloric  acid :  this  is  true  of  sphalerite,  stibnite,  etc.  This  gas  is  readily 
recognized  by  its  offensive  odor. 

Chlorine  is  evolved  by  oxides  of  manganese  and  also  chromic  and  vanadic 
acid  salts  when  dissolved  in  hydrochloric  acid. 

Nitrogen  dioxide  (NO2)  is  given  off,  in  the  form  of  red  suffocating  fumes, 
by  many  metallic  minerals,  and  also  some  of  the  lower  oxides  (cuprite,  etc.), 
when  treated  with  nitric  acid. 

(c)  The  separation  of  an  insoluble  ingredient  takes  place:  With  many 
silicates,  the  silica  separating  sometimes  as  a  fine  powder,  and  again  as  a  jelly; 
in  the  latter  case  the  mineral  is  said  to  gelatinize  (sodalite,  analcite).  In  order 
to  test  this  point  the  finely  pulverized  silicate  is  digested  with  strong  hydro- 
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chloric  acid,  and  the  solution  afterward  slowly  evaporated  nearly  to  dryness. 
With  a  considerable  number  of  silicates  the  gelatinization  takes  place  only 
after  the  mineral  has  been  previously  fused;  while  some  others,  which  ordi- 
narily gelatinize,  are  rendered  insoluble  by  ignition. 

With  many  sulphides  (as  pyrite)  a  separation  of  sulphur  takes  place  when 
they  are  treated  with  nitric  acid. 

Some  compounds  of  titanium  and  tungsten  are  decomposed  by  hydro- 
chloric acid  with  the  separation  of  the  oxides  of  the  elements  named  (Ti02, 
WOs).  The  same  is  true  of  salts  of  molybdic  and  vanadic  acids,  only  that  here 
the  oxides  are  soluble  in  an  excess  of  the  acid. 

Compounds  containing  silver,  lead,  and  mercury  give  with  hydrochloric 
acid  insoluble  residues  of  the  chlorides.  These  compounds  are,  however, 
soluble  in  nitric  acid. 

When  compounds  containing  tin  are  treated  with  nitric  acid,  the  tin 
dioxide  (Sn02)  separates  as  a  white  powder.  A  corresponding  reaction  takes 
place  under  similar  circumstances  with  minerals  containing  arsenic  and 
antimony. 

Insoluble  Minerals.  —  A  large  number  of  minerals  are  not  sensibly  attacked 
by  any  of  the  acids.  Among  these  may  be  named  the  following  oxides: 
corundum,  spinel,  chromite,  diaspore,  rutile,  cassiterite,  quartz;  also  cerar- 
gyrite;  many  silicates,  titanates,  tantalates,  and  niobates;  some  of  the  sul- 
phates, as  barite,  celestite;  many  phosphates,  as  xenotime,  lazulite,  childrenite, 
amblygonite;  also  the  borate,  boracite. 

482.  Examination  of  the  Solution.  —  If  the  mineraj  is  difficultly,  or 
only  partially,  soluble,  the  question  as  to  solubility  or  insolubility  is  not  always 
settled  at  once.  Partial  solution  is  often  shown  by  the  color  given  to  the 
liquid,  or  more  generally  by  the  precipitate  yielded,  for  example,  on  the  addi- 
tion of  ammonium  hydroxide  to  the  liquid  filtered  off  from  the  remaining 
f)owder.  The  further  examination  of  the  solution  yielded,  whether  from  par- 
tial or  complete  solution,  after  the  separation  by  filtration  of  any  insoluble 
residue,  requires  the  systematic  laboratory  methods  of  qualitative  analysis. 

It  may  be  noted,  however,  that  in  the  case  of  sulphates  the  presence  of 
sulphur  is  shown  by  the  precipitation  of  a  heavy  white  powder  of  barium 
sulphate  (BaS04)  when  barium  chloride  is  added.  The  presence  of  silver  in 
solution  is  shown  by  the  separation  of  a  white  curdy  precipitate  of  silver 
chloride  (AgCl)  upon  the  addition  of  any  chlorine  compound;  conversely,  the 
same  precipitate  shows  the  presence  of  chlorine  when  silver  nitrate  is  added 
to  the  solution. 

Again,  phosphorus  may  be  detected  if  present,  even  in  small  quantity, 
in  a  nitric  acid  solution  of  a  mineral  by  the  fine  yellow  powder  which  separates, 
sometimes  after  standing,  when  ammonium  molybdate  has  been  added. 

EXAMINATION  BY  MEANS  OF  THE  BLOWPIPE* 

483.  The  use  of  the  blowpipe,  in  skilled  hands,  gives  a  quick  method  of 
obtaining  a  partial  knowledge  of  the  qualitative  composition  of  a  mineral. 
The  apparatus  needed  includes  the  following  articles: 

*  The  subject  of  the  blowpipe  and  its  use  is  treated  very  briefly  in  this  place.  The 
student  who  wishes  to  be  fully  informed  not  only  in  regard  to  the  use  of  the  various  instru- 
ments, but  also  as  to  all  the  valuable  reactions  practically  useful  in  the  identification  of 
minerals,  should  consult  a  manual  on  the  subject.  The  Brush-Penfield  Manual  of  Deter- 
minative Mineralogy,  with  an  introduction  on  Blowpipe  Analysis,  is  particularly  to  be 
recommended. 
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Blowpipe,  lamp,  forceps,  preferably  with  platinum  points,  platinum  wire, 
charcoal,  glass  tubes;  also  a  small  hammer  with  sharp  edges,  a  steel  anvil  an 
inch  or  two  long,  a  horseshoe  magnet,  a  small  agate  mortar,  a  pair  of  cutting 
pliers,  a  three-cornered  file. 

Further,  test-paper,  both  turmeric  and  blue  litmus  paper;  a  little  pure 
tin-foil;  also  in  small  wooden  boxes  the  fluxes:  borax  (sodium  tetraborate), 
soda  (anhydrous  sodium  carbonate),  salt  of  phosphorus  or  microcosmic  salt 
(sodium-ammonium  phosphate),  acid  potassium  sulphate  (HKSO4);  also  a 
solution  of  cobalt  nitrate  in  a  dropping  bulb  or  bottle;  further,  the  three  acids 
mentioned  in  Art.  480. 

484.  Blowpipe  and  Lamp.  —  A  good  form  of  blotopipe  is  shown  in  Fig. 
622.  The  air-chamber,  at  a,  is  essential  to  stop  the  condensed  moisture  of 
the  breath,  the  tip  (6),  which  is  removable,  is  usually  of  brass,  (c)  is  a  remov- 
able mouthpiece  which  may  or  may  not  be  used  as  preferred. 

The  most  convenient  form  of  lamp  is  that  furnished  by  an  ordinary  Bunsen 
gas-burner  *  (Fig.  623),  provided  with  a  tube,  6,  which  when  inserted  cuts  off 

the  air  supply  at  a;  the  gas  then  bums  at  the  top  with  the 
1)22  usual  yellow  flame.    This  flame  should  be  one  to  one  and 

Ta  half  inches  high.  The  tip  of  the  blow-pipe  is  held  near 
(or  just  within  the  flame,  see  beyond),  and  the  air  blown 
through  it  causes  the  flame  to  take  the  shape  shown  in 
Fig.  625. 
It  is  necessary  to  learn  to  blow  canHnuously^  that  is,  to 
.  keep  up  a  blast  of  air  from  the  compressed  reservoir  in 

the  mouth-cavity  while  respiration 
is  maintained  through  the  nose. 
To  accomplish  this  successfully  and 
at  the  same  time  to  produce  a  clear 
flame  without  unnecessary  fatiguing 
effort  calls  for  some  practice. 

When  the  tube,  fe,  is  removed,  the 
gas  bums  with  a  colorless  flame  and 
is  used  for  heating  glass  tubes,  test- 
tubes,  etc. 

486.  Forceps.  Wire.— The /or- 
ceps  (Fig.  624)  are  made  of  steel, 
nickel-plated,  and  should  have  a  spring 
strong  enough  to  support  firmly  the 
small  fragment  of  mineral  between  the 
platinum  points  at  d.  The  steel  points 
at  the  other  end  are  used  to  pick  up  small  pieces  of  minerals,  but  must  not  be 
inserted  in  the  flame.  Care  must  be  taken  not  to  injure  the  platinum  by  allow- 
ing it  to  come  in  contact  with  the  fused  mineral,  especially  if  this  contains 
antimony,  arsenic,  lead,  etc.  Cheaper  forceps,  made  of  steel  wire,  etc.,  while 
not  so  convenient,  will  also  serve  reasonably  well. 

A  short  length  of  fairly  stout  platinum  wire  to  be  used  in  the  making  of 
bead  tests  should  be  available.  A  similar  length  of  finer  wire  for  making 
flame  tests  is  also  desirable. 


*  Instead  of  this,  a  good  stearin  candle  will  answer,  or  an  oil  flame  with  fiat  wick. 
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486.  Charcoal.  —  The  charcoal  employed  should  not  snap  and  should 
yield  but  little  ash;  the  kinds  made  from  basswood,  pine  or  wUlow  are  best. 
It  is  most  conveniently  employed  in  rectangular  pieces,  say  four  inches  long, 
an  inch  wide,  and  three-quarters  of  an  inch  ia  tUckneas.  The  surface  must 
always  be  perfectly  clean  before  each  trial. 

M7.  Glass  Tubes.  —  The  glass  tubes  should  be  preferably  of  two 
grades;  a  hard  glass  tubing  with  about  5  mm.  interior  diameter  to  be  cut  in 
6ve  inch  lengths  and  used  in  open  tube  teats  and  a  soft  glass  tubing  with  about 
824  3  mm,  interior  diameter  to  be  in  about  six  inch  lengths,  each  length 
yieldii^  two  closed  tubes. 

488.  Blowpipe  Flame.  —  The  blowpipe  flame,  shown  in  Fig.  625, 
consists  of  three  cones:  an  inner  of  a  blue  color,  c,  a  second  pale  violet 
cone,  b,  and  an  outer  invisible  cone,  a.    The   cone  c   consists   of 
unbumed  gas   mixed   with  air  from  the  blowpipe.     There  is   no 
combustion  in  this  cone  and 
therefore  no  heat.    The  cone 
b  is  the  one  in  which  combus- 
tionistakingplace.  Thiscone 
contains     carbon    monoxide 
which   is  a   strong  reducing 
''  agent,  see  below.     Cone  a  b  merely  a 

gas  envelope  composed  of  the  final 
products    of    combustion,    COi    and 
^'•"^'P*  H,0.     The  heat  is  most  intense  near 

the  tip  of  the  cone  b,  and  the  mineral  is  held  at  thb  point  when  its  fusibiiity 
is  to  be  tested. 

The  point  o,  Fig.  625,  is  called  the  oxidizing  flame  (O.F.)  ;  it  is  character- 
ized by  the  excess  of  the  oxygen  of  the  air  and  has  hence  an  oxidizing  effect 
upon  the  assay.  This  flame  is  best  produced  when  the  jet  of  the  blowpipe 
is  inserted  a  very  Uttle  in  the  gas  flame;  it  should  be  entirely  non-lu- 
minous. 

The  cone  b  is  called  the  redocing  flame  (R.F.);  it  is  characterized  by 
the  excess  of  the  carbon  or  hydrocarbons  of  the  gas,  which  at  the  high  tem- 
perature present  tend  to  combine  with  the  oxygen  of  the  mineral  brought  into 
it  (at  t),  or,  in  other  words,  to  reduce  it.  The  best  reducing  flarae  is  produced 
when  the  blowpipe  is  held  a  little  distance  from  the  gas  flame;  it  should  retfun 
the  yellow  color  of  the  latter  on  its  upper  edge. 

489.  Methods  of  Examination.  —  The  blowpipe  investigation  of  min- 
erals includes  their  examination,  (1)  in  the  forceps,  (2)  in  the  closed  and  the 
open  tubes,  (3)  on  charcoal  or  other  support,  and  (4)  with  the  fluxes  on  the 
platinum  wire. 

1.    Examination  in  the  Forceps 

490.  Use  of  the  Forceps.  —  Forceps  are  employed  to  hold  the  fragment 
of  the  mineral  while  a  test  is  made  as  to  its  fusibility;  also  when  the  presence 
of  a  volatile  ingredient  which  may  give  the  flame  a  characteristic  color  is  tested 
for,  etc. 

The  tollowinK  practical  poiote  must  be  reparded :  (1)  Metallic  minerala,  eepeciaUy  those 
containing  arseuc  or  antimony,  which  when  fused  might  injure  the  platinum  of  the  forceps, 
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should  first  be  examined  on  charcoal;  *  (2)  the  fraipient  taken  should  be  thin,  and  as 
small  as  can  conveniently  be  held,  with  its  edge  projecting  well  beyond  the  points;  (3)  when 
decrepitation  takes  place,  the  heat  must  be  applied  slowly,  or,  u  this  does  not  prevent  it, 
the  mineral  may  be  powdered  and  a  paste  made  with  water,  thick  enough  to  be  held  in  the 
forceps  or  on  the  platinum  wire;  or  tne paste  may,  with  the  same  end  in  view,  be  heated  on 
charcoal;  (4)  the  fragment  whose  fusibility  is  to  be  tested  must  be  held  in  the  hottest  part 
of  the  flame,  just  beyond  the  extremity  of  the  blue  cone. 

491.  Fusibility.  —  All  grades  of  fuisibility  exist  among  minerals,  froin 
those  which  fuse  in  large  fragments  in  the  flame  of  the  candle  (stibnite,  see 
below)  to  those  which  fuse  only  on  the  thinnest  edges  in  the  hottest  blowpipe 
flame  (bronzite) ;  and  still  again  there  are  a  considerable  number  which  are 
entirely  infusible  (e.g.,  corundum). 

The  exact  determination  of  the  temperature  of  fusion  is  not  easily  accom- 
plished (cf  Art.  431  p.  304),  and  for  purposes  of  determination  of  species  it  is 
unnecessary.  The  approximate  reUUive  degree  of  fusibility  is  readily  fixed  by 
referring  the  mineral  to  the  following  scale,  suggested  by  von  Kobell: 

1.  Stibnite.  4.   Actinolite. 

2.  Natrolite  (or  Chalcopyrite).  5.   Orthoclase. 

3.  Almandite  Garnet.  6.  Bronzite. 

492.  In  connection  with  the  trial  of  fusibility,  the  following  phenomena 
may  be  observed:  (a)  coloration  of  the  flame  (see  Art.  493);  (6)  sweUtng  up 
(stUbite),  or  exfoliation  of  the  mineral  (vermiculite) ;  or  (c)  glowing  without 
fusion  (calcite);  and  (d)  intumescence^  or  a  spirting  out  of  the  mass  as  it 
fuses  (scapolite). 

The  color  of  the  mineral  after  ignition  is  to  be  noted;  and  the  nature  of 
the  fused  mass  is  also  to  be  observed,  whether  a  clear  or  blebby  glass  is 
obtained,  or  a  black  slag;  also  whether  the  bead  or  residue  is  magnetic  or  not 
(due  to  iron,  less  often  nickel,  cobalt),  etc. 

The  ignited  fragment,  if  nearly  or  quite  infusible,  may  be  moistened  with 
the  cobalt  solution  and  again  ignited,  in  which  case,  if  it  turns  blue,  this 
indicates  the  presence  of  aluminium  (as  with  cyanite,  topaz,  etc.) ;  but  note 
that  zinc  silicate  (calamine)  also  assumes  a  blue  color.  If  it  becomes  pink, 
this  indicates  a  compound  of  magnesium  (as  brucite). 

Also,  if  not  too  fusible,  it  may,  after  treatment  in  the  forceps,  be  placed 
upon  a  strip  of  moistened  turmeric  paper,  in  which  case  an  alkaline  reaction 
proves  the  presence  of  an  alkali,  sodium,  potassium;  or  an  alkaline  earth, 
calcium,  barium,  strontium. 

493.  Flame  Coloration.  —  The  color  often  imparted  to  the  outer  blow- 
pipe flame,  while  the  mineral  held  in  the  forceps  is  being  heated,  makes  pos- 
sible the  identification  of  a  nmnber  of  the  elements. 

The  colors  which  may  be  produced,  and  the  substances  to  whose  presence 
they  are  due,  are  as  follows: 

Color  Substance 

Carmine^ed Lithium. 

Ptarple^ed Strontium. 

Orange-red Calcium. 

Yellow Sodium. 

• 

Yellowish  green Barium. 

Siskine-green Boron. 

*  Arsenic,  antimony,  and  easily  reducible  metals  like  lead,  also  copper,  form  more  or 
less  fusible  alloys  with  platinum. 
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EmeraJId-green Oxide  of  copper. 

Bluish  green Phosphoric  acid  (phosphates). 

Greenish  blue Antimony. 

Whitish  blue Arsenic. 

Azure-Uue Chloride  of  copper;  also  selenium. 

Violet Potassium. 

A  yellowish  green  flame  is  also  given  by  the  oxide  or  sulphide  of  molybdenum;  a  bluish 
green  flame  (in  streaks)  by  zinc;  a  pale  bluish  flame  by  tellurium;  a  blue  flame  by  lead. 

494.  Notes.  —  The  presence  of  soda,  even  in  small  Quantities,  produces  a  ydlow  flame, 
which  (except  in  the  spectroscope)  more  or  less  completely  masks  the  coloration  of  the 
flame  due  to  other  substances,  e,g.,  potassium.  A  filter  of  blue  glass  held  in  front  of  the 
flame  will  shut  out  the  monochromatic  yellow  of  the  sodium  flame  and  allow  the  charac- 
teristic violet  color  of  the  potassium  to  be  observed.  Silicates  are  often  so  difiicultlv 
decomposed  that  no  distinct  color  is  obtained  even  when  the  substance  is  present;  in  such 
cases  {e.a.f  potash  feldspar)  the  powdered  mineral  may  be  fused  on  the  platinum  wire  with 
an  equal  volume  of  gypsum,  when  the  flame  can  be  seen  (at  least  through  blue  glass). 
A^in,  a  silicate  like  tourmaline  fused  with  a  mixture  of  fluorite  and  acid  potassium  sul- 
phate yields  the  characteristic  green  flame  of  boron.  Phosphates  and  borates  give  the 
green  flame  in  general  best  when  they  have  been  pulverized  and  moistened  with  sulphuric 
acid.  Moistenmg  with  hydrochloric  acid  makes  the  coloration  in  many  cases  (as  with  the 
carbonates  of  calcium,  barium,  strontium)  more  distinct. 

2.  Heating  in  the  Closed  and  Open  Tubes 

496.  The  tubes  are  useful  chiefly  for  examining  minerals  containing 
volatile  ingredients,  given  off  at  the  temperature  of  the  gas  flame. 

In  the  case  of  the  closed  tube,  the  heating  goes  on  practically  uninfluenced 
by  the  air  present,  since  this  is  driven  out  of  the  tube  in  the  early  stages  of 
the  process.  In  the  open  tvbe,  on  the  other  hand,  a  continual  stream  of  hot 
air,  that  is,  of  hot  oxygen,  passes  over  the  assay,  tending  to  produce  oxidation 
and  hence  often  materially  changing  the  result. 

496.  Closed  Tube.  —  A  small  fragment  is  inserted,  or  a  small  amount 
of  the  powdered  mineral  —  in  this  case  with  care  not  to  soil  the  sides  of  the 
tube  —  and  heat  is  applied  by  means  of  the  ordinary  Bunsen  flame.  The 
presence  of  a  volatile  ingredient  is  ordinarily  shown  by  the  deposit,  or  sybli-- 
mate,  upon  the  tube  at  some  distance  above  the  assay  where  the  tube  is  rela- 
tively cool. 

Independent  of  this,  other  phenomena  may  be  noted,  namely:  decrepUor 
lion,  as  shown  by  fluorite,  calcite,  etc.;  glowing,  as  exhibited  by  gadolinite; 
phosphorescence,  of  which  fluorite  is  an  example;  change  of  color  (limonite), 
and  here  the  color  of  the  mineral  should  be  noted  both  when  hot,  and  again 
after  cooling;  fusion;  giving  off  oxygen^  as  mercuric  oxide;  yielding  ac^  or 
alkaline  vapors,  which  should  be  tested  by  inserting  a  strip  of  moistened 
litmus  or  turmeric  paper  in  the  tube. 

Of  the  sublimates  which  form  in  the  tube,  the  following  are  those  with 
which  it  is  most  important  to  be  familiar: 

Substance  Sublimate  in  the  Closed  Tube 

Water  (HjO) Colorless  liquid  drops. 

Sulphur  (S) Red  to  deep  yellow,  liquid;  pale  yellow,  solid. 

Tellurium  dioxide  (TeOj) Pale  yellow  to  colorless,  liquid;  colorless  or  white,  solid. 

Arsenic  sulphide  (AssSs) Dark  red,  liquid;  reddish  yellow,  soUd. 

Antimony  oxysulphide  (SbsSsO)  Black  to  reddish  brown  on  cooling,  solid. 

Arsenic  (As) Black,  brilliant  metallic  to  gray  crystalline,  solid 

Mercury  sulphide  (HgS) Deep  black,  red  when  rubbed  very  fine. 

Mercury  (Hg) Gray  metallic  globules. 

In  addition  to  the  above:  Telliuium  gives  black  fusible  globules;  selenium  the  same,  but 
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in  paxt  dark  red  when  very  small;  the  chloride  of  lead  and  oxides  of  arsenic  and  antimony 
give  white  solid  sublimates. 

497.  Open  Tube.  —  The  small  fragment  is  placed  in  the  tube  about 
an  inch  from  the  lower  end,  the  tube  being  slightly  inclined  (say  20°),  but  not 
enough  to  cause  the  mineral  to  slip  out,  and  heat  applied  beneath.  The  cur- 
rent of  air  passing  upward  through  the  tube  during  the  heating  process  has  an 
oxidizing  effect.  The  special  phenomena  to  be  observed  are  the  formation  of 
a  sublimate  and  the  odor  of  the  escaping  gases.  The  acid  or  alkaline  character 
of  the  vapors  is  tested  for  in  the  same  way  as  with  the  closed  tube.  The 
most  conmion  gas  to  be  obtained  in  this  way  is  sulphur  dioxide,  SOs,  when 
sulphides  are  being  oxidized.  This  gas  is  to  be  recognized  by  its  irritating, 
pungent  odor  and  its  acid  reaction  upon  moistened  blue  litmus  paper. 

The  more  important  sublimates  are  as  follows: 

Substance  Sublimate  In  the  Open  Tube 

Arsenic  trioxide  (AsiOt) White,  crystalline,  volatile. 

Antimony  antimonate  (SbiOO    Straw-yellow,  hot:    white,  cold.    Infusible,  non-volatile. 

amorphous,  settling  along  bottom  of  tube.  Obtainea 
from  compounds  containing  sulphur  as  stibnite,  also  the 
sulphantimonit4»  (e.g.,  boumomte)  as  dense  white  fumes. 
Usually  accompanied  by  the  following: 

Antimony  trioxide  (SbsOs) . . .     White,  crystalline,  slowly  volatile,  forming  as  a  ring  on 

walls  of  tube. 

Tellurium  dioxide  (TeOi) White  to  pale  yellow  globules. 

Selenium  dioxide  (oeOj) White,  crystalline,  volatile. 

Molybdenum  trioxide  (MoO«)     Pale  yellow,  hot;  white,  cold. 

Mercury  (Hg) Gray  metallic  c^obules,  easily  united  by  rubbing. 

It  is  also  to  be  noted  that  if  the  heating  process  is  too  rapid  for  full  oxidation,,  subli- 
mates, like  those  of  the  closed  tubes,  may  be  formed,  especially  with  sulphur  (yellow), 
arsenic  (black),  arsenic  sulphide  (orange),  mercury  sulpnide  (black),  antimony  oxysulphide 
(black  to  reddish  brown). 

3.  Heating  on  Charcoal 

408.  The  fragment  (or  powder)  to  be  examined  is  placed  near  one  end  of 
the  piece  and  this  so  held  that  the  flame  passes  along  its  length.  If  the 
mineral  decrepitates,  it  may  be  powdered,  mixed  with  water,  and  then  the 
material  employed  as  a  paste. 

The  reducing  flame  is  employed  if  it  is  desired  to  redtice  a  metal  {e.g., 
silver,  copper)  from  its  ores:  this  is  the  common  case.  If,  however,  the  min- 
eral is  to  be  roasted,  that  is,  heated  in  contact  with  the  air  so  as  to  oxidize  and 
volatilize,  for  example,  the  sulphur,  arsenic,  antimony  present,  the  oxidizing 
flame  is  needed  and  the  mineral  should  be  in  powder  and  spread  out. 

The  points  to  be  noted  are  as  follows: 

(a)  The  odor  given  off  after  short  heating.  In  this  way  the  presence  of 
mlphur,  arsenic  (garlic  or  alliaceous  odor),  and  selenium  (odor  of  decayed 
horseradish)  may  be  recognized. 

(b)  Fusion.  —  Tn  the  case  of  the  salts  of  the  alkalies  the  fused  mass  is 
absorbed  into  the  charcoal;  this  is  also  true,  after  long  heating,  of  the  car- 
bonates and  sulphates  of  barium  and  strontium.     (Art.  601.) 

(c)  The  Sublimate.  —  By  this  means  the  presence  of  many  of  the  metals 
may  be  determined.  The  color  of  the  sublimate,  both  near  the  assay  (N)  and 
at  a  distance  (D),  as  also  when  hot  and  when  cold,  is  to  be  noted. 

The  important  sublimates  are  the  following: 
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SubBtance  Sttblimate  on  Charcoal 

Arsenic  trioxide  (AsiOt) White,  very  volatile,  distant  from  the  assay;   also 

garlic  fumes. 

Antimony  oxides  (SbiQt  and  SbjOO     Dense  white,  volatOe;  forms  near  the  assay. 

Zinc  oxide  (ZnO) Canary-yellow,  hot;    white,  cold;    moistened  with 

cobalt  nitrate  and  ignited  (O.F.)  becomes  green. 

Molybdenum  trioxide  (MoOt) Pale  yellow,  hot;  yellow,  cold;  touched  for  a  moment 

wiUi  the  K.F.  becomes  asure-blue.  Also  a  copper- 
red  sublimate  (MoOi)  near  the  assay. 

Lead  oxide  (PbO) Dark  yellow,  hot;    psJe  yellow,  cold.    Also  (from 

sulphides)  dense  white  (resemblins  antimony),  a 
mixture  of  oxide,  sulphite,  and  sulphate  of  lead. 

Bismuth  trioxide  (BisOs) Dark  orange-yellow  (N),  paler  on  cooling;  also  bluish 

white  (D),    See  further,  p.  338. 

Cculmium  oxide  (CdO) Nearly  black  to  reddish  brown  (N)  and  orange-yellow 

(D) ;  often  iridescent. 

To  the  above  are  also  to  be  added  the  following: 

Selenium  dioxide,  SeOi,  sublimate  steel-gray  (N)  to  white  tinged  with  red  (D) ;  touched 
with  R.F.  gives  an  asure-blue  flame;  also  an  offensive  selenium  odor. 

Tellurium  dioxide,  TeOs,  sublimate  dense  white  (N)  to  gray  (D);  in  R.F.  volatilises 
with  i^een  flame. 

Tm  dioxide.  SnOs,  sublimate  faint  yellow  hot  to  white  cold;  becomes  bluish  green 
when  moistenea  with  cobalt  solution  and  ignited. 

Silver  (with  lead  and  antimony),  sublimate  reddish 

(d)  The  Infusible  Residue,  —  This  may  (1)  glow  brightly  in  the  O.F.,  indi- 
cating the  presence  of  calcium,  strontium,  magnesium,  zirconium,  zinc,  or  tin. 
(2)  It  may  give  an  alkaline  reaction  after  ignition:  alkaline  earths.  (3)  It 
may  be  magnetic,  showing  the  presence  of  iron  (or  nickel).  (4)  It  may  3rield 
a  globule  or  mass  of  a  metal  (Art.  499). 

499.  Reduction  on  Charcoal.  —  In  many  cases  the  reducing  flame  alone 
sufl&ces  on  charcoal  to  separate  the  metal  from  the  volatile  element  preeenty 
with  the  result  of  giving  a  globule  or  metallic  msuss.  Thus  silver  is  obtained 
from  argentite  (A^)  and  cerargyrite  (AgCl) ;  copper  from  chalcocite  (CutS) 
and  cuprite  (CU2O),  etc.  The  process  of  reduction  is  always  facilitated  by  the 
use  of  sodium  carbonate  or  borax  as  a  flux,  and  this  is  in  many  cases  (sulph- 
arsenites,  etc.)  essential. 

The  finely  pulverized  mineral  is  intimately  mixed  with  two  or  three  times 
its  volume  of  soda,  and  a  drop  of  water  added  to  form  a  paste.  This. is  placed 
in  a  cavity  in  the  charcoal,  and  subjected  to  a  strong  reducing  flame.  More 
soda  is  added  as  that  present  sinks  into  the  coal,  and,  after  the  process  has 
been  continued  some  time,  a  metaUic  globule  is  often  visible,  or  a  number  of 
them,  which  can  be  removed  and  separately  examined.  If  not  distinct,  the 
remainder  of  the  flux,  the  assay,  and  the  surrounding  coal  are  cut  out  with  a 
knife,  and  the  whole  ground  up  in  a  mortar,  with  the  addition  of  a  little  water. 
The  charcoal  is  carefully  washed  away  and  the  metallic  globules,  flattened  out 
by  the  process,  remain  behind.  Some  metallic  oxides  are  very  readijy  reduced, 
as  lead,  while  others,  as  copper  and  tin,  require  considerable  skill  and  care. 

The  metals  obtained  (in  globules  or  as  a  metallic  mass)  may  be:  copper^ 
color  red;  bismuth j  lead-gray,  brittle;  goldj  yellow,  not  soluble  in  nitric  acid; 
silver,  white,  soluble  in  nitric  acid,  the  solution  giving  a  silver  chloride  pre- 
cipitate (p.  340);  tiuj  white,  harder  than  silver,  soluble  in  nitric  acid  with 
separation  of  white  powder  (Sn02);  fead,  lead-gray  (oxidizing),  soft  and 
fusible.  The  coatings  (see  the  list  of  sublimates  above)  often  serve  to  identify 
the  metal  present. 
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600.  Detection  of  Sulphur  in  Sulphates.  —  By  means  of  soda  on  char- 
coal the  presence  of  sulphur  in  the  sulphates  may  be  shown,  in  the  foUowing 
manner.  Fuse  the  powdered  mineral  with  soda  and  charcoal  dust.  The 
latter  acting  as  a  strong  reducing  agent  changes  the  sulphate  to  a  sulphide 
with  the  formation  of  sodium  sulphide.  When  the  fused  mass  is  placed  with 
a  drop  of  water  upon  a  clean  silver  surface  a  black  or  yellow  stain  of  silver 
sulphide  will  be  formed.  A  similar  reaction  would  of  course  be  obtained  from 
a  sulphide.  The  latter  can  however  be  readily  distinguished  by  roasting  in 
the  open  tube  or  upon  charcoal  and  noting  the  formation  of  SO2. 

4.  Treatbient  on  the  Platinum  Wire 

601.  Use  of  the  Fluxes.  —  The  three  common  fluxes  are  borax,  salt  of 
phosphorus,  and  carbonate  of  soda  (p.  330) .  They  are  generally  used  with  the 
platinum  wire,  less  often  on  charcoal  (see  p.  335).  If  the  wire  is  employed  it 
must  have  a  small  loop  at  the  end;  this  is  heated  to  redness  and  dipped  into 
the  powdered  flux,  and  the  adhering  particles  fused  to  a  bead;  this  operation 
is  repeated  until  the  loop  is  filled.  Sometimes  in  the  use  of  soda  the  wire  may 
at  first  be  moistened  a  little  to  cause  it  to  adhere. 

When  the  bead  is  ready,  it  is,  while  hot,  brought  in  contact  with  the  ix>w- 
dered  mineral,  some  of  which  will  adhere  to  it,  and  then  the  heating  process 
may  be  continued.  Very  Uttle  of  the  mineral  is  in  general  required,  and  the 
experiment  should  be  commenced  with  a  minute  quantity  and  more  added  if 
necessary.  The  bead  must  be  heated  successively  first  in  the  oxidizing  flame 
(O.F.)  and  then  in  the  reducing  flame  (R.F.),  and  in  each  case  the  color  noted 
when  hot  and  when  cold.  The  phenomena  connected  with  fusion,  if  it  takes 
place,  must  also  be  observed. 

Minerals  containing  sulphur  or  arsenic,  or  both,  must  be  first  roasted  (sec  p.  334)  till 
these  substances  have  been  volatilised.  If  too  much  of  the  mineral  has  been  added  and  the 
bead  is  hence  too  opaqiie  to  show  the  color,  it  may.  while  hot.  be  flattened  out  with  the 
hammer,  or  dttiwu  out  mto  a  wire,  or  part  of  it  may  oe  removed  and  the  remainder  diluted 
with  more  of  the  flux . 

With  salt  of  phosphorus,  the  wire  should  be  held  above  the  flame  so  that  the  escaping 
gases  may  support  the  bead ;  this  is  continued  till  quiet  fusion  is  attained. 

It  is  to  be  noted  that  the  colors  vary  much  with  the  amount  of  material  present;  they 
are  also  modified  by  the  presence  of  other  metals. 

602.  Borax.  —  The  following  list  enumerates  the  different  colored  beads 
obtained  with  borax,  both  in  the  oxidizing  (O.F.)  and  reducing  flames  (R.F.), 
and  also  the  metals  to  the  presence  of  whose  oxides  the  colors  are  due.  Com- 
pare further  the  reactions  given  in  the  list  of  elements  (Art.  604). 

Color  in  Borax  Bead  Substance 

1.  OxmiziNQ  Flame 

Colorless,  or  opaque  white.  . .     Silica,  calcium,  aluminium;  also  silver,  sine,  etc. 

Iron,  cold  —  (pale  yellow,  hot.  if  in  small  amount). 
Red,  red-brown  to  brown Chromium  (CrOi),  hot  —  (yellowish  green,  cold). 

Manganese  (MnjOi),  amethystine-red —  (violet,  hot). 

Iron  (Fe^Os).  hot  —  (yellow,  cold)  —  if  saturated. 

Nickel  (NiO)  red-brown  to  brown,  cold  —  (violet,  hot). 

Uranium  (UOi),  hot  —  (yellow,  cold). 

Green Copper  (CuO),  hot  —  (blue,  cold,  or  bluish  green  if  highly 

saturated). 

Chromium  (CrOi),  yellowish  green,  cold  —  (red,  hot). 
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Yellow Iron  (Fe»Oi),  hot  —  (pale  yellow  to  colorless,  cold)  —  but 

red-brown  and  yellow  if  saturated. 
Uranium  (UOs).  hot,  if  in  small  amount;  paler  on  coolinc. 
Chromium  (CrOa),  hot  and  in  small  amount  —  (yellowiui 
green,  cold). 

Blue Cobalt  (CoO).  hot  and  cold. 

Copper  (CuO),  cold  if  highly  saturated  —  (green,  hot). 

Violet Nickel  (NiO),  hot  —  (redf-brown,  cold). 

Manganese  (Mn20s),  hot  —  (amethystine-red,  cold). 

2.  Reducing  Flame  (R.F.) 

Colorless Manganese  (MnO).  or  a  faint  rose  color. 

Red Copper  (CuiO,  witn  Cu),  opaque  red. 

Green Iron  (FeO),  bottle-green. 

Chromium  (CrsOt),  emerald-green. 

Uranium  (UiOs),  yellowish  green  if  saturated. 

Blue Cobalt  (CoO),  hot  and  cold. 

Gray,  turbid Nickel  (Ni). 

603.  Salt  of  Phosphorus.  —  This  flux  gives  for  the  most  part  reactions 
similar  to  those  obtained  with  borax.  The  only  cases  enumerated  here  are 
those  which  are  distinct,  and  hence  those  where  the  flux  is  a  good  test. 

With  silicates  this  flux  forms  a  glass  in  which  the  bases  of  the  silicate  are 
dissolved,  but  the  silica  itself  is  left  insoluble.  It  appears  as  a  skeleton  readily 
seen  floating  about  in  the  melted  bead. 

The  colors  of  the  beads,  and  the  metals  to  whose  oxides  these  are  due,  are: 

Color  Sttbstance 

Red f Chromium  in  O.F.,  hot  — {fine  green  when  cold). 

Green Chromium  in  O.F.  and  R.F.,  when  cold  —  (red  in  O.F.,  hot). 

Molybdenum  in  R.F.,  dirty  ^"een,  hot;  fine  green,  cold  —  (yellow-green 

in  O.F.). 
Uranium  in  R.F.,  cold;  yellow-green,  hot. 

Vanadium,  chrome-green  in  R.F..  cold  —  (brownish  red,  hot).    In  O.F., 
dark  yellow,  hot,  paler  on  cooling. 

Yellow Molybdenum,  yellowish  green  in  O.F.,  hot,  paler  on  cooling  —  (in  R.F., 

dfrty  green,  not;  fine  green,  cold). 
Uranium  in  O.F.,  hot;  yeUowish  green,  cold  —  (in  R.F.,  yellowish  green, 

hot:  green,  cold). 
Vanadium  in  O.F.,  dark  yellow,  hot.  paler  on  cooling  —  (in  R.F., 
brownish  red,  hot;  chrome-green,  cold). 
Violet Titanium  (Ti02)  in  R.F.,  yellow,  hot.     (Also  in  O.F.,  yellow,  hot;  color- 
less, cola.) 

Characteristic  Reactions  of  the  Ibiportant  Elements  and  of  SoBfE 

OF  Their  Compounds 

604.  The  following  list  contains  the  most  characteristic  reactions,  chiefly 
before  the  blowpipe  and  in  some  cases  also  in  the  wet  way,  of  the  different 
elements  and  their  oxides.  It  is  desirable  for  every  student  to  gain  familiarity 
with  them  by  trial  with  as  many  minerals  as  possible.  Many  of  them  have 
already  been  briefly  mentioned  in  the  preceding  pages.  For  a  thoroughly  full 
description  of  these  and  other  characteristic  tests  (blowpipe  and  otherwise) 
reference  should  be  made  to  the  volume  by  Brush  and  Penfield  referred  to  on 
p.  329. 

It  is  to  be  remembered  that  while  the  reaction  of  a  single  substance  may 
be  perfectly  distinct  if  alone,  the  presence  of  other  substances  may  more  or 
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less  entirely  obscure  these  reactions;  it  is  consequently  obvious  that  in  the 
actual  examination  of  minerals  precautions  have  to  be  taken,  and  special 
methods  have  to  be  devised,  to  overcome  the  difficulty  arising  from  this  cause. 
These  will  be  gathered  from  the  "pyrognostic  characters"  (I^.)  given  in  con- 
nection with  the  description  of  each  species  in  the  Fourth  Part  of  this  work. 

Alvminium.  —  The  presence  of  aluminium  in  most  infusible  minerals,  containing  a  con- 
siderable amount,  may  be  detected  by  the  blue  color  which  thby  assume  when,  after  bdng 
heated,  they  are  moistened  with  cobalt  solution  and  again  ignited  (e^,,  cvanite,  andalusitc, 
etc.)-  Very  hard  minerals  (as  corundum)  must  be  first  finely  pulverized.  The  test  is  not 
conclusive  with  fusible  minerals  since  a  ^ass  colored  blue  by  cobalt  oxide  may  be  formed. 
It  is  to  be  noted  that  the  infusible  calamine  (zinc  silicate)  also  assumes  a  blue  color  when 
treated  with  cobalt  nitrate.  From  solutions  aluminium  will  be  precipitated  as  a  floccuient 
white  or  colorless  precipitate  on  the  addition  of  ammonium  hydroxide  in  excess. 

Antimony.  —  Antimonial  minerals  roasted  on  charooal  give  dense  white  odorless  fumes: 
metallic  antunony  and  its  sulphur  compounds  give  in  the  open  tube  a  white  sublimate  of 
oxide  of  antimony  (see  p.  334).    Antimony  sulphide  (stibnite),  also  many  sulphantimonites, 

give  in  a  strong  neat  in  the  closed  tube  a  sublimate  of  antimony  oxysulphide,  black  when 
ot,  brown-red  when  cold.    See  also  p.  333. 

In  nitric  acid,  compounds  containing  antimony  deposit  white  insoluble  metantimonic 
acid. 

Arsenic,  —  Arsenides,  sulpharsenites,  etc.,  give  off  fumes  when  roasted  on  charcoal, 
usuallv  easily  recognized  by  tneir  peculiar  garlic  odor.  In  the  open  tube  they  give  a  white, 
volatile,  crystalline  sublimate  of  arsenic  trioxide.  In  the  closed  tube  arsenic  sulphide 
gives  a  sublimate  dark  brown-red  when  hot,  and  red  or  reddish  yellow  when  cold;  arsenic 
and  some  arsenides  yield  a  black  mirror  of  metallic  arsenic  in  the  closed  tube.  In  arsenates 
the  arsenic  can  be  detected  by  the  garlic  odor  yielded  when  a  mixture  of  the  powdered 
mineral  with  charcoal  dust  and  sodium  carbonate  is  heated  (R.F.)  on  charooal. 

Barium,  —  A  yellowish  green  coloration  of  the  flame  is  given  by  all  barium  salts,  except 
the  silicates;  an  alkaline  reaction  is  usually  obtained  after  intense  ignition. 

In  solution  the  presence  of  barium  is  proved  by  the  heavy  white  precipitate  (BaSOt) 
formed  upon  the  addition  of  dilute  sulphuric  acid. 

Bismuth.  —  On  charcoal  alone,  or  better  w^ith  soda,  bismuth  sives  a  very  characteristic 
orange-yeUow  sublimate;  brittle  globules  of  the  reduced  metal  are  also  obtained  (with 
soda).  Also  when  treated  with  3  or  4  times  the  volume  of  a  mixture  in  equal  parts  of 
potassium  iodide  and  sulphur,  and  fused  on  charcoal,  a  beautiful  red  sublimate  of  bismuth 
iodide  is  obtained;  near  the  mineral  the  coating  is  yellow. 

Boron.  —  Many  compounds  containing  boron  (borates,  also  the  silicates,  datolite,  dan- 
burite,  etc.)  tinge  the  flame  intense  yellowish  green,  especially  if  moistened  with  sulphuric 
acid.  For  some  jdlicates  (as  tourmaline)  the  best  method  is  to  mix  the  powdered  mineral 
with  one  part  powdered  fluorite  and  two  parts  potassium  bisulphate.  The  mixture  is 
moistened  and  placed  on  platinum  wire.  At  the  moment  of  fusion  the  green  color  appears, 
but  lasts  but  an  instant. 

A  dilute  hydrochloric  acid  solution  containing  boron  gives  a  reddish  brown  color  to 
turmeric  paper  which  has  been  moistened  with  it  and  then  dried  at  100°;  the  color  changes 
to  black  when  ammonia  is  poured  on  the  paper. 

Calcium.  —  Many  calcium  minerals  (carbonates,  sulphates,  etc.)  give  an  alkaline  reaction 
on  turmeric  paper  after  being  ignited.  A  yellowisn  red  color  is  given  to  the  flame  by  some 
compounds  (e.g.,  calcite  after  moistening  with  HCl) ;  the  strontium  flame  is  a  much  deeper 
red. 

In  weakly  acid  or  alkaline  solutions  calcium  is  precipitated  as  oxalate  by  the  addition  of 
ammonium  oxalate. 

Cadmium.  —  On  charcoal  with  soda,  compounds  of  cadmium  give  a  characteristic  sub- 
limate of  the  reddish  brown  oxide. 

Carbonates.  —  All  carbonates  effervesce  with  dilute  hydrochloric  acid,  yielding  the  odor- 
less gas  COj  {e.g.^  calcite) ;  many  require  to  be  pulverized,  and  some  need  the  addition  of 
heat  (dolomite,  siderite).     Carbonates  of  lead  should  be  tested  with  nitric  acid. 

Chlorides.  —  If  a  small  portion  of  a  mineral  containing  chlorine  (a  chloride,  also  P3TO- 
morphite,  etc.)  is  added  to  the  bead  of  salt  of  phosphorus,  saturated  with  oopp^  oxide,  the 
bead  when  heated  is  instantly  surrounded  with  an  intense  purplish  flame  of  copper  chloride. 

In  solution  chlorine  gives  with  silver  nitrate  a  white  curdy  precipitate  of  silver  chloride 
which  darkens  in  color  on  exposure  to  the  light;  it  is  insoluble  in  nitric  acid,  but  entirely 
soluble  in  ammonia. 
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Chromium,  —  Chromium  gives  with  borax  a  liead  which  (O.F.)  is  yellow  to  red  (hot)  and 
yellowish  green  (cold)  and  R.F.  a  fine  emerald-green.  With  salt  of  phosphorus  in  O.F. 
the  bead  is  dirty  green  (hot)  and  clear  green  (cold);  in  R.F.  the  same.  Cf.  Vanadium 
beyond  (also  pp.  336,  337). 

CcbaU.  —  A  beautiful  blue  bead  is  obtained  with  borax  in  both  flames  from  minerals 
containing  cobalt.  Where  sulphur  or  arsenic  is  present  the  mineral  shoidd  first  be 
thoroughly  roasted  on  charcoal. 

Copper.  —  On  charcoal,  at  least  with  soda,  metallic  copper  can  be  reduced  from  most  of 
its  compounds.  In  the  case  of  sulphides  the  powdered  nuneral  should  be  roasted  first  in 
order  to  eliminate  the  major  part  of  the  sulphur  before  fusion  with  soda.  With  borax  it 
gives  (O.F.)  a  green  bead  when  hot,  becoming  blue  when  cold;  also  (R.F.),  if  saturated,  an 
opaque  red  bea^  containing  CusO  and  often  Cu  is  obtained.  Copper  chloride,  obtained  by 
moistening  the  mineral  witn  hydrochloric  acid  (in  the  case  of  sulphides  the  mineral  should 
be  previouisly  roasted)  yields  a  vivid  azure-blue  flame;  copper  oxide  gives  a  green  flame. 

Most  metallic  compounds  are  soluble  in  nitric  acid.  Ainmonia  in  excess  produces  an 
intense  blue  color  in  the  solution. 

Fluorine.  —  Heated  in  the  closed  tube  with  potassium  bisulphate  and  powdered  glass 
produces  a  white  sublimate  of  SiOt.  This  sublimate  and  the  hydrofluosilicic  acid  present 
form  a  volatile  combination.  But  if  the  lower  end  of  the  tube  is  broken  off  and  the  open  tube 
then  dipped  in  a  test  tube  of  water  so  that  the  acid  is  removed,  the  deposit  of  SiOs  which 
will  appear  when  the  tube  is  dried  wiU  be  found  to  be  no  long^  volatile. 

Heated  gentlv  in  a  platinum  crucible  with  sulphuric  acid,  many  oompoimds  (e,g.. 
fluorite)  give  off  hvdrofluoric  acid,  which  corrodes  the  exposed  parts  of  a  glass  plate  placed 
over  it  miich  has  oeen  coated  with  wax  and  then  scratched. 

Iron.  —  Minerals  which  contain  even  a  small  amount  of  iron  yield  a  magnetic  mass 
when  heated  in  the  reducing  flame.  With  borax  iron  gives  a  b^ui  (O.F.)  which  is  yellow 
to  brownish  red  (according  to  quantity)  while  hot,  but  is  colorless  to  yellow  on  cooling; 
R.F.  becomes  bottle-green  (see  pp.  336,  337). 

L»ad.  —  With  soda  on  charcoal  a  malleable  globule  of  metallic  lead  is  obtained  from  lead 
compounds;  the  coating  has  a  yellow  color  near  the  as^ay;  the  sulphide  gives  also  a  white 
coatmg  (PbSOg)  farther  off  (p.  335).  On  being  touched  with  the  reducing  flame  the  coat- 
ing disappears,  tingeing  the  name  azure-blue. 

In  solutions  dilute  sulphuric  acid  dves  a  white  precipitate  of  lead  sulphate;  when 
delicacy  is  required  an  excess  of  the  acid  is  added,  the  solution  evaporated  to  dryness,  and 
water  added;  the  lead  sulphate,  if  present,  will  then  be  left  as  a  residue. 

Lithium.  —  Lithium  gives  an  intense  carmine-red  to  the  outer  flame,  the  color  somewhat 
resembling  that  of  the  strontium  flame  but  is  deeper;  in  very  small  quantities  it  is  evident 
in  the  spectroscope. 

Magnesium.  —  Moistened,  after  heating,  with  cobalt  nitrate  and  again  ignited,  a  pink 
color  is  obtained  from  some  infusible  compounds  of  magnesium  (e.g.y  brucite).  In  solution 
the  addition  of  ammonium  hydroxide  in  large  excess  and  a  little  hydrogen  sodium  phos- 
phate produces  a  white  granular  precipitate  of  NH4MgP04.  Elements  precipitated  by 
ammonium  hydroxide  or  anomonium  oxalate  should  be  removed  first. 

Manganese.  —  With  borax  manganese  gives  a  bead  violet-red  (O.F.),  and  colorless  (R.F.). 
With  soda  (O.F.)  it  gives  a  bluish  green  bead;  this  reaction  is  very  delicate  and  may  be 
relied  upon,  even  in  presence  of  almost  any  other  metal. 

Mercury.  —  In  the  closed  tube  a  subumate  of  metallic  mercury  is  yielded  when  the 
mineral  is  heated  with  dry  sodium  carbonate.  In  the  open  tube  the  sulphide  gives  a  mirror 
of  metallic  mercury;  in  the  closed  tube  a  black  lusterless  sublimate  of  HgS,  red  when 
rubbed,  is  obtained. 

Molybdenum.  —  On  charcoal  molybdenum  sulphide  gives  near  the  assay  a  copper-red 
stain  (O.F.),  and  bevond  a  white  coating  of  the  oxide;  the  former  becomes  azure-blue  when 
for  a  moment  touched  with  the  R.F.  The  salt  of  phosphorus  bead  (O.F.)  is  yellowish 
gp-een  (hot)  and  nearly  colorless  (cold);  also  (R.F.)  a  fine  green. 

Nickel.  —  With  borax,  nickel  oxide  gives  a  bead  which  (O.F.)  is  violet  when  hot  and 
red-brown  on  cooling;  (R.F.)  the  glass  becomes  gray  and  turbid  from  tiie  separation  of 
metallic  nickel. 

Niobium  (Columbium).  —  An  acid  solution  boiled  with  metallic  tin  gives  a  blue  color. 
The  reactions  with  the  fluxes  are  not  very  satisfactory. 

Nitrates.  —  These  detonate  when  heated  on  charcoal.  Heated  in  a  tube  with  sulphuric 
acid  they  give  off  red  fumes  of  nitrogen  dioxide  (NOi). 

Pho8j)horus.  —  Most  phosphates  impart  a  green  color  to  the  flame,  especially  after  having 
been  moistened  with  sulphuric  acid,  though  this  test  may  be  rendered  unsatisfactory  by 
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the  presence  of  other  coloring  Bfmta.  If  they  are  used  in  the  closed  tube  with  a  fragment 
of  metallic  magnesium  or  sodium,  and  afterward  moistened  with  water,  phosphureted 
hydroeen  is  given  off,  recognizable  by  its  disagreeable  odor. 

A  few  drops  of  a  nitric  acid  solution,  containing  phosphoric  acid,  produce  in  a  solu- 
tion of  ammonium  molybdate  a  pulverulent  yellow  precipitate  of  ammonium  phoepho- 
molybdate. 

PotasHum,  —  Potash  imparts  a  violet  color  to  the  flame  when  alone.  The  flame  is  best 
observed  throu^^  a  blue  glass  filter  which  will  eliminate  the  sodium  flame  color  which  will 
almost  invariably  be  present.  It  is  best  detected  in  small  quantities,  or  when  soda  or 
lithia  is  present,  oy  the  aid  of  the  spectroscope.    See  also  p.  333. 

Selenium,  —  On  charcoal  selenium  fuses  easQy,  giving  off  brown  fumes  with  a  peculiar 
disagreeable  organic  odor;  the  sublimate  on  churcoal  is  volatile,  and  when  heatea  (R.F.) 
gives  a  fine  asure-blue  flame. 

Silicon.  —  A  small  fracnent  of  a  silicate  in  the  salt  of  phosphorus  bead  leaves  a  skeleton 
of  sUica,  the  bases  being  diflsolved. 

If  a  silicate  in  a  fine  powder  is  fused  with  sodium  carbonate  and  the  mass  then  dissolved 
in  hydrochloric  acid  and  evaporated  to  drvness,  the  silica  separates  as  a  i^latinous  mass  and 
on  evaporation  to  dryness  is  made  insoluble.  When  strong  hydrochloric  acid  is  added  and 
then  water  to  the  dry  residue  in  the  test  tube,  the  bases  are  dissolved  and  the  silica  left 
behind. 

Many  silicates,  especially  those  which  are  hydrous,  are  decomposed  by  strong  hydro- 
chloric acid,  the  suica  separating  as  a  powder  or,  after  evaporation,  as  a  jdly  (see  p.  3^). 

Silver,  —  On  cluu*coai  in  O.F.  silver  gives  a  brown  coating.  A  c^obule  of  metalhc  silver 
may  generally  be  obtained  b]^  heating  on  charcoal  in  O.F.,  especially  if  soda  is  added. 
Unaer  some  circumstances  it  is  desirable  to  have  recourse  to  cupellation. 

From  a  solution  containing  any  salt  of  silver,  the  insoluble  chloride  is  thrown  down 
when  hydrochloric  acid  is  added.  This  precipitate  is  insoluble  in  acid  or  water,  but  entirely 
so  in  anmionia.    It  changes  color  on  exposure  to  the  hght. 

Strontium,  —  Compounds  of  strontium  are  usually  recomiized  by  the  fine  crimson-red 
which  they  give  to  the  blowpipe  flEune;  many  yield  an  alkaline  reaction  after  ignition. 
(Cf .  barium.) 

Sodium.  —  Compounds  containing  sodium  in  large  amount  give  a  strong  yellow  flame. 

Sulphur,  Sulvhiae8j  Sulphates.  —  In  the  closed  tube  some  suIphideB  give  off  sulphur;  in 
the  open  tube  tliey  yield  sulphur  dioxide,  which  has  a  characteristic  odor  and  reddens  a 
strip  of  moistened  btmus  paper.  In  sniall  quantities,  or  in  sulphates,  sulphur  is  best 
detected  by  fusion  on  charcoal  with  soda  and  cnarcoal  dust.  The  fused  mass,  when  sodium 
sulphide  has  thus  been  formed,  is  placed  on  a 'clean  silver  coin  and  moistened;  a  distinct 
blaick  stain  on  the  silver  is  thus  obtained  (the  precaution  mentioned  on  p.  336  must  be 
exercised). 

A  solution  of  a  sulphate  in  hydrochloric  acid  gives  with  barium  chloride  a  white  insoluble 
precipitate  of  barium  sulphate. 

TeUurium.  —  Tellurides  heated  in  the  open  tube  give  a  white  or  grayish  sublimate, 
fusible  to  colorless  drops  (p.  334).  On  charcoal  they  give  a  white  coating  and  color  the 
R.F.  green. 

Tin,  —  Minerals  containing  tin  (e.g.f  cassiterite),  when  heated  on  charcoal  with  soda  or 
potassium  cyanide,  yield  metiulic  tin  in  minute  dobules;  these  are  malleable,  but  harder 
than  silver.    Dissolved  in  nitric  acid,  white  insoluble  stannic  oxide  separates  out. 

Titanium.  —  Titanium  gives  in  the  R.F.  with  salt  of  phosphorus  a  bead  which  is  violet 
when  cold.  Fused  with  sodium  carbonate  and  dissolved  with  hydrochloric  acid,  and 
heated  with  a  piece  of  metaUic  tin,  the  liquid  takes  a  violet  color,  especially  after  partial 
evaporation. 

Tungsten.  —  Tungsten  oxide  gives  a  blue  color  to  the  salt  of  phosphorus  bead  (R.F.). 
Fused  and  treated  as  titaniiun  (see  above)  with  the  addition  of  zinc  instead  of  tin,  gives  a 
fine  blue  color. 

Uranium.  —  Uranium  compounds  give  to  the  salt  of  phosphorus  bead  (O.F.)  a  greenish 
yellow  bead  when  cool;  also  (K.F.)  a  fine  green  on  coolmg  (p.  337). 

Vanadium,  —  With  borax  (O.F.)  vanadates  give  a  bead  yellow  (hot)  changing  to  yeUow- 
ish  green  and  nearly  colorless  (cold) ;  also  rR.F.)  dirty  green  (hot),  fine  green  (cold).  With 
salt  of  phosphorus  (O.F.)  a  yellow  to  amber  color  (thus  differing  from  chromium);  also 
(R.F.)  fine  green  (cold). 

Zinc.  —  On  charcoal  in  the  reducing  flame  compounds  of  zinc  give  a  coating  which  is 
yellow  while  hot  and  white  on  cooling,  and  moistened  by  the  cobalt  solution  and  again 
heated  becomes  a  fine  ^^reen.  Note,  however,  that  the  zinc  silicate  (calamine)  becomes  blue 
when  heated  after  moistening  with  cobalt  solution. 
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Zvrconium.  —  A  dilute  hydrochloric  acid  solutioiii  containing  zirconium,  imparts  an 
orange-yellow  color  to  turmeric  paper,  moistened  by  the  solution. 

Determinative  Mineralogy 

• 

606.  Determinative  Mineralogy  may  be  properly  considered  under  the 
general  head  of  Chemical  Mineralogy,  since  the  determination  of  minerals 
depends  mostly  upon  chemical  tests.  But  crystallographic  and  all  the  physi- 
cal characters  have  also  to  be  carefully  observed. 

There  is  but  one  exhaustive  way  in  which  the  identity  of  an  unknown 
mineral  may  in  all  cases  be  fixed  beyond  question,  and  that  is  by  the  use  of  a 
complete  set  of  determinative  tables.  By  means  of  such  tables  the  mineral  in 
hand  is  referred  successively  from  a  general  group  into  a  more  special  one^ 
until  at  last  all  other  species  have  been  eliminated,  and  the  identity  of  the  one 
given  is  beyond  doubt. 

A  careful  preliminary  examination  of  the  unknown  mineral  should,  how- 
ever, always  be  made  before  final  recourse  is  had  to  the  tables.  This  examinar- 
tion  will  often  suffice  to  show  what  the  mineral  in  hand  is,  and  in 
any  case  it  should  not  be  omitted,  since  it  is  only  in  this  way  that  a 
practical  familiarity  with  the  appearance  and  characters  of  minerals  can  be 
gained. 

The  student  wiU  naturally  take  note  first  of  those  characters  which  are  at 
once  obvious  to  the  senses,  that  is:  crystalline  form^  if  distinct;  general  strucr- 
ture,  deavagey  fracture^  luster,  color  (and  streak),  fed;  also,  if  the  specimen  is 
not  too  small,  the  apparent  weight  will  suggest  something  as  to  the  specific 
gravity.  The  characters  named  are  of  very  unequal  importance.  Structure, 
if  crystals  are  not  present,  and  fracture  are  generally  unessential  except  in 
distinguishing  varieties;  color  and  luster  are  essential  with  metallic,  but 
generally  very  unimportant  with  nonmetallic,  minerals.  Streak  is  of  impor- 
tance only  with  colored  minerals  and  those  of  metallic  luster  (p.  247) .  Crystal- 
line form  and  cleavage  are  of  the  highest  importance,  but  may  require  careful 
study. 

The  first  trial  should  be  the  determination  of  the  hardness  (for  which  end 
the  pocket-knife  is  often  sufficient  in  experienced  hands).  The  second  trial 
should  be  the  determination  of  the  spedfijc  gravity.  Treatment  of  the  pow- 
dered mineral  with  acids  may  come  next;  by  this  means  (see  pp.  328,329)  a 
carbonate  is  readily  identified,  and  also  other  results  obtained.  Then  should 
follow  blowpipe  trials,  to  ascertain  ih^i  fusibility;  the  cohr  given  to  the  flame, 
if  any;  the  character  of  the  svblimaie  given  off  in  the  tubes  and  on  charcoal; 
the  metal  reduced  on  the  latter;  the  reactions  with  the  flushes,  and  other  points 
as  explained  in  the  preceding  pages. 

How  much  the  observer  learns  in  the  above  way,  in  regard  to  the  nature 
of  his  mineral,  depends  upon  his  knowledge  of  the  characters  of  minerals  in 
general,  and  upon  his  familiarity  with  the  chemical  behavior  of  the  various 
elementary  substances  with  reagents  and  before  the  blowpipe  (pp.  338  to  341). 
If  the  results  of  such  a  preliminary  examination  are  sufficiently  definite  to 
suggest  that  the  mineral  in  hand  is  one  of  a  small  number  of  species,  reference 
may  be  made.to  their  full  description  in  Part.  IV  of  this  work  for  the  final 
decision. 

A  number  of  tables,  in  which  the  minerals  included  are  arranged  according 
to  their  crystalline  and  physical  characters,  are  added  in  the  Appendix.    They 
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will  in  many  cases  aid  the  observer  in  reaching  a  conclusion  in  r^ard  to  a 
specimen  in  hand. 

The  first  of  these  tables  gives  lists  of  minerals  arranged  primarily  accord- 
ing to  their  principle  basic  elements  and  secondarily  according  to  their  acid 
radicals. 

The  second  of  these  tables  is  intended  to  include  all  well-defined  species, 
grouped  according  to  the  crystalline  system  to  which  they  belong  and  arranged 
under  each  system  in  the  order  of  their  specific  gravities;  the  hardness  is  also 
added  in  each  case.  The  relative  importance  of  the  individual  species  is  shown 
by  the  type  employed.  Following  this  are  minor  tables  enumerating  species 
characterized  by  some  one  of  the  prominent  crystalline  forms;  that  is,  those 
crystallizing  in  cubes,  octahedrons,  rhombohedrons,  etc.  Other  tables  give 
the  names  of  species  prominent  because  of  their  cleavage;  structure  of 
different  types;  hardness;  luster;  the  various  colors,  etc.  The  student  is 
recommended  to  make  frequent  use  of  these  tables,  not  simply  for  aid  in  the 
identification  of  specimens,  but  rather  because  they  will  help  him  in  the 
difficult  task  of  learning  the  prominent  characters  of  the  more  important 
minerals. 


PART  IV.   DESCRIPTIVE  MINERALOGY 


606.  Scope  of  Descriptive  Mineralogy.  —  It  is  the  province  of  De- 
scriptive Mineralogy  to  describe  each  mineral  species,  as  regards:  (1)  form 
and  structure;  (2)  physical  characters;  (3)  chemical  composition  including 
blowpipe  and  chemical  tests;  (4)  occurrence  in  nature  with  reference  to  geo- 
graphical distribution  and  association  with  other  species;  also  in  connection 
with  the  above  to  show  how  it  may  be  distinguished  from  other  species.  Fur- 
ther, it  should  classify  mineral  species  into  more  or  less  comprehensive  groups 
according  to  those  characters  regarded  as  most  essential.  Other  points  which 
may  or  may  not  be  included  are  the  investigation  of  the  methods  of  origin  of 
minerals;  the  changes  that  they  undergo  in  nature  and  the  results  of  such 
alteration;  also  the  methods  by  which  the  same  compounds  may  be  made  in 
the  laboratory;  finally,  the  uses  of  minerals  as  ores,  for  ornament  and  in  the 
arts. 

607.  Scheme  of  Classification.  —  The  method  of  classification  adopted 
in  this  work,  and  the  one  which  can  alone  claim  to  be  thoroughly  scientific,  is 
that  which  places  similar  chemical  compoimds  together  in  a  conmion  class  and 
which  further  arranges  the  mineral  species  into  groups  according  to  the  more 
minute  relations  existing  between  them  in  chemical  composition,  crystalline 
form  and  other  physical  properties. 

Upon  this  basis  there  are  recognized  eight  distinct  chemical  classes,  begin- 
ning with  the  Native  Elements;  these  are  enumerated  on  the  following  page. 
Under  each  of  these,  sections  of  different  grades  are  made,  also  based  on  chem- 
ical relationships.  Finally,  the  mineral  species  themselves  are  arranged,  as 
far  as  possible,  in  isomorphous  groups,  including  those  which  have,  at  once, 
analogous  chemical  composition  and  similar  crystallization  (see  Art.  471).  It 
is  unnecessary  to  take  the  space  here  to  develop  the  entire  scheme  of  classi- 
fication in  detail,  since  a  survey  of  the  successive  sub-classes  under  any  one  of 
the  divisions  will  make  the  principles  followed  entirely  clear.  A  few  remarks, 
only,  are  added  for  sake  of  illustration. 

Under  the  Oxides,  for  example,  the  classification  is  as  follows:  First,  the 
Oxides  of  silicon  (quartz,  tridymite,  opal).  Second,  the  Oxides  of  the  semi- 
metals,  tellurium,  arsenic,  antimony,  bismuth,  also  molybdenum,  ttmgsten. 
Third,  the  Oxides  of  the  metals,  as  copper,  zinc,  iron,,  manganese,  tin,  etc. 
The  third  section  is  then  subdivided  into  the  anhydrous  and  hydrous  species. 
Further,  the  former  fall  into  the  four  divisions:  Protoxides,  R2O  and  RO;  Ses- 
quioxides,  RjOg;  Intermediate  oxides,  RO,R208;  Dioxides,  RO2.  Under  each 
of  these  heads  come  finally  the  individual  species,  arranged  so  far  as  possible 
in  isomorphous  groups.  Thus  we  have  the  Hematite  group,  the  Rutile  group, 
etc. 

343 
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In  regard  to  the  various  classes  of  salts  it  may  be  stjated  that,  in  general, 
they  are  separated  into  anhydrous,  acid,  basic  and  hydrous  sections;  the 
special  subdivisions  called  for,  however,  vary  in  the  different  cases. 

For  an  explanation  of  the  abbreviations  used  in  the  description  of  species,  see  p.  5. 

SCHEME   OF  CLASSIFICATION 

I.  Native  Elements. 
11.  Sulphides,  Selekides,  Tellurides,  Arsenides,  Antimonides. 

III.  Sulpho'Salts.  —  SULPHARSENITES,  SULPHANTIMONITES,  SULPHO- 

BISBCUTHITES. 

IV.  Haloids.  —  CHLORIDES,  BROMIDES,  IODIDES ;  FLUORIDES. 

V.  Oxides. 

VI.   Oxygen  StUts. 

1.  Carbonates. 

2.  Silicates,  Titanatbs. 

3.    NIOBATES,  TANTALATES. 

4.  PHOSPHATES,  Arsenates,  Vanadates;     Anhmonates. 
Nitrates. 

6.  Borates.    Uranates. 

6.  Sulphates,  Chromates,  Tellurates. 

7.  tungstates,  molybdates. 

■ 

yil.   Salts  of  Organic  Acids:  Oxalates,  Mellates,  etc. 

VIII.  Hydrocarbon  Compounds. 

I.  NATIVE  ELEMENTS 

The  NATIVE  ELEMENTS  are  divided  into  the  two  distinct  sections  of  the 
Metals  and  the  Non-metals,  and  these  are  connected  by  the  transition  class  of 
the  Semi-metals.  The  distinction  between  them  as  regards  physical  characters 
and  chemical  relations  has  already  been  given  (Art.  453) . 

The  only  non-metals  present  among  minerals  are  carbon,  sulphur,  and 
selenium;  the  last,  in  one  of  its  allotropic  forms,  is  closely  related  to  the 
semi-metal  tellurium. 

The  native  semi-metals  form  a  distinct  group  by  themselves,  since  all 
crystallize  in  the  rhombohedral  class  of  the  hexaeonid  system  with  a  funda- 
mental angle  differing  only  a  few  degrees  from  90  ,  as  shown  in  the  following 
list: 

Tellurium,  r/  =  93°    3'.  Arsenic,  rr'    =  94"^  54'. 

Anthnony,  rr'  =  92°  53'.  Bismuth,  rr'  =  92°  20'. 

An  artificial  form  of  selenium  is  known  with  metallic  luster  and  rhombo- 
hedral in  crystallization,  with  rr'  =  93°.  Zinc  (also  only  artif .)  is  rhombohe- 
dral {rr'  =  93°  46')  and  connects  the  semi-metals  to  the  true  metals.  Metallic 
tantalum  has  been  described  in  cubic  crystals. 

Among  the  metals  the  isometric  Gold  group  is  prominent,  including  gold, 
silver,  copper,  mercury,  amalgam  (AgHg),  and  lead. 
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Another  related  isometric  group  includes  the  metals  platinum,  iridium, 
palladium,  and  iron.  An  allotropic  form  of  palladium  and  also  iridosmine 
(IrOs)  are  both  rhombohedral. 

DIAMOND. 

Isometric,  tetrahedral,  but  with  the  +  and  —  forms  usually  equally  devel- 
oped and  not  to  be  distinguished  from  each  other.  Commonly  showing  octahe- 
dral, hexoctahedral,  and  other  forms;  faces  frequently  rounded  or  striated  and 
with  triangular  depressions  (on  o(lll)).  Twins  common  with  tw.  pi.  o(lll). 
Crystals  often  distorted.    In  spherical  forms;  massive. 

626  627  628 


Cleavage:  o(l  11)  highly  perfect.  Fracture  conchoidal.  Brittle.  H.  =  10. 
G.  =  3  "516-3 '525  crystals.  Luster  adamantine  to  greasy.  Color  white  or 
colorless;  occasionally  various  pale  shades  of  yellow,  red,  orange,  green,  blue, 
brown;  rarely  deeply  colored;  sometimes  black.  Usually  transparent;  also 
translucent,  opaque.  Refractive  and  dispersive  power  high ;  index  n  =  2*4195. 
(See  Art.  328.) 

Var. -*-  1.  Ordinary.  In  crystals  usually  with  rounded  faces  and  varying  from  those 
which  are  colorless  and  free  from  flaws  Cftrst  water)  through  many  faint  shades  of  color, 
yellow  being  the  most  common;  often  full  of  flaws  and  hence  of  value  only  for  cutting  pur- 
poses* 

2.  Bart  or  Boort;  rounded  forms  with  rough  exterior  and  radiated  or  confused  crystal- 
line structure. 

3.  Carbonado  or  Carbon:  black  diamond.  Massive,  crystalline,  granular  to  compact, 
without  cleavage.  Color  black  or  grayish  black.  Opaque.  Obtained  chiefly  from  Bahia, 
Brazil. 

Comp.  —  Pure  carbon;  the  variety  carbonado  3delds  on  combustion  a  slight 
ash. 

Pyr.,  etc.  —  Unaffected  by  heat  except  at  very  high  temperatures,  when  (in  an  ox>;gen 
atmosphere)  it  bums  to  carbon  dioxide  (CX3a);  out  of  contact  with  the  air  transformed  into 
a  kind  of  coke.    Not  acted  upon  by  acids  or  alkalies. 

Diff.  —  Distinguished  (e.g..  from  quartz  crystal)  by  its  extreme  hardness  and  brilliant 
adamantine  luster;  the  form,  cleavage,  and  1 


specific  gravity  are  also  distinctive  charac- 
ters; it  is  optically  isotropic:  transparent  to  ^-rajrs. 

Artif.  —  Minute  diamonos  have  been  formed  artificiallv  in  several  wa3rs.  Moissan 
first  produced  them  by  dissolving  carbon  in  molten  iron  and  then  cooling  the  mass  suddenly 
under  i)ressure;  they  have  been  formed  by  dissolving  eraphite  in  fused  olivine  or  artificial 
magnesium  sihcate  melts:  they  have  been  formed  when  an  electric  current  was  passed 
through  an  iron  spiral  embedd«i  in  carbon  while  under  hi^  pressure  in  an  atmosphere  of 
hydrogen. 

Obs.  —  The  diamond  occurs  chiefly  in  alluvial  deposits  of  gravel,  sand,  or  clay,  asso- 
ciated with  quartz,  gold,  platinum,  zircon,  octahedrite,  rutile,  brookite,  hematite,  iunenite. 
and  also  andalusite,  chrysober>rl,  topaz,  corundum,  tourmaline,  garnet,  etc.;  the  associatea 
minerals  being  those  comitaon  in  gianitic  rocks  or  granitic  veins.    Also  found  in  quartzoee 
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conglomerates,  and  further  in  connection  with  the  laminated  granular  quarts  rock  or 
quartsoee  hydromica  schisti  Uacalumiie,  which  in  thin  slabs  is  more  or  leas  flexible.  This 
rock  occurs  at  the  mines  of  Brazil  and  tne  Ural  Mts.;  and  also  in  Georgia  and  North  Caro- 
lina, where  a  few  diamonds  have  been  found. 

It  has  been  reported  as  occurring  in  sUu  in  a  pegmatite  vein  in  gneiss  at  Bellary  in 
India.  It  occurs  further  in  connection  with  an  eruptive  peridotite  in  South  Africa  and  in  a 
similar  formation  in  Pike  County,  Ark.  It  has  been  noted  as  grayish  particles  forming  one 
per  cent  of  the  meteorite  which  fell  at  Novo-Urei,  Russia,  Sept.  22,  1886;  also  in  the  form 
of  black  diamond  (H.  »  9)  in  the  meteorite  of  Caroote,  Chile;  in  the  meteoric  iron  of 
Cafion  Diablo,  Aris. 

India  was  the  chief  source  of  diamonds  from  very  earl^  times  down  to  the  discovery  of 
the  Brazilian  mines ;  the  yield  is  now  small.  Of  the  localities,  that  in  southern  India,  in  the 
Madras  presidency,  included  the  famous  '^Golconda  mines."  The  diamond  deposits  of 
Brazil  have  been  worked  since  the  early  part  of  the  I8th  century,  and  have  yielded  ver>' 
]BX^<dyy  although  at  the  present  time  the  amount  obtained  is  small.  The  most  important 
region  was  that  near  Diamantina  in  the  province  of  Minas  Geraes;  also  from  Bama,  etc. 

Tlie  discovery  of  diamonds  in  South  Africa  dates  from  1867.  They  were  first  foimd  in 
the  gravel  of  the  Vaal  river;  they  occiu*  from  Potchefstroom  down  to  tlie  junction  with  the 
Oranse  river,  and  along  the  latter  as  far  as  Hope  Town.  More  recently  they  have  been 
found  in  ^pravels  in  the  Somabula  Forest,  Rhodesia  and  at  LQderitzbucht,  German  South 
West  Afnca.  These  river  digginffs  are  now  of  much  less  importance  than  the  dry  digffings, 
diacovered  in  1871. 

The  latter  are  chiefly  in  Griqualand-West^  south  of  the  Vaal  river^  on  the  border  of  the 
Orange  FYee  State.  Tnere  are  here  near  iOmberley  a  number  of  hmited  arecus  approxi- 
mate spherical  or  oval  in  form,  with  an  average  diameter  of  some  200  to  300  yaras,  of 
which  the  Kimberley,  De  Beer's,  Dutoitspan  and  bultfontein  mines  are  the  most  important. 
A  circle  3i  miles  in  diameter  encloses  these  four  principal  mines.  The  general  structure  is 
similar:  a  wall  of  nearly  horizontal  black  carbonaceous  shale  with  upturned  edges  enclos- 
ing the  diamantiferous  area.  The  upper  portion  of  the  deposit  consists  of  a  friable  mass  of 
little  coherence  of  a  pale  yeUow  color,  cklled  the  "yellow  ground."  Below  the  reach  of 
atmospheric  influences,  the  rock  is  more  firm  and  of  a  bluish  green  or  greenish  color;  it  is 
called  the  "  blue  ground  "  or  simply  "  the  blue."  This  consists  essentiaUy  of  a  serpentinous 
breccia:  a  base  of  hydrated  magnesian  silicate  penetrated  by  calcite  ana  opaline  silica  and 
enclosing  fragments  of  bronzite^  diallage,  also  garnet,  magnetite,  and  ilmenite,  and  less 
oommomy  smaragdite,  pyrite,  zurcon,  etc.  The  diamonds  are  rather  abundantly  dissemi- 
nated through  the  mass,  m  some  claims  to  the  amount  of  4  to  6  carats  per  cubic  yard.  The 
orinnal  rock  seems  to  nave  been  a  peculiar  type  of  peridotite.  These  areas  are  believed 
to  Be  volcanic  pipes,  and  the  occurrence  of  the  diamonds  is  obviously  connected  with  the 
eruptive  outflow,  they  having  probably  been  brought  up  from  underl3ring  rocks.  Other 
important  mines,  similar  in  character  to  those  near  Kimberley,  are  the  Ja^rsfontein  mine 
in  Orange  Free  State  and  the  Premier,  near  Pretoria,  Transvaal. 

The  South  African  mines  up  to  the  beginning  of  1914  are  estimated  to  have  yielded 
about  120  million  carats  (26  tons)  of  diamonds  valued  at  nearly  900  million  dollars. 

Diamonds  are  also  obtained  in  Borneo,  associated  with  platinum,  etc.;  in  Australia, 
and  the  Ural  Mts. 

In  the  United  States  a  few  stones  have  been  found  in  sravels  in  N.  C,  Ga.,  Va.,  Col., 
Cal.  and  Wis.  Reported  from  Idaho  and  from  Oregon  with  platinum.  In  1906  diamonds 
were  found  in  Pike  County,  Ark.,  both  loose  in  the  soil  and  enclosed  in  a  peridotite  rock. 
Considerable  exploration  work  haa  been  done  at  this  locality  and  probably  between  two 
and  three  thousand  stones  found.    The  stones  have  been  of  good  color  but  usually  small. 

Some  of  the  famous  diamonds  of  the  world  with  their  weights  are  aa  follows:  the  Kohi- 
noor,  which  weighed  when  brought  to  England  186  carats,  and  as  recut  as  a  brilliant,  106 
carats;  the  Orloff,  194  carats;  the  R^ent  or  Pitt,  137  carats;  the  Florentine  or  Grand 
Duke  of  Tuscany,  133  carats.  The  ''Star  of  the  South"  found  in  Brazil  weighed  before 
and  after  cutting  respectively  254  and  125  carats.  Also  famous  because  of  the  rarity  of 
Uieir  color  are  the  green  diamond  of  Dresden,  40  carats,  and  the  deep  blue  Hope  diamond 
from  India,  weighing  44  carats. 

South  Africa  has  yielded  some  very  large  stones.  Amon^  these  may  be  mentioned 
the  following:  From  the  Jagersfontein  mine  the  Excelsior  weighmg  969  carats:  the  Jubflee, 
634  carats;  and  the  Imperial,  457  carats.  The  largest  diamond  known  was  round  in  1905 
at  the  I^mier  mine.  It  was  named  the  Cullinan  and  was  presented  by  the  Transvaal 
Assembly  to  King  Edward  VII  of  England.  When  found  it  weighed  3,025  carats  or  over 
11  lbs.    It  has  since  been  cut  into  105  separate  stones,  the  two  largest  weighing  516  and  309 
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carats,  respectively,  bein^  the  largest  cut  stones  in  existence.  The  history  of  the  above 
stones  ana  of  others  is  given  in  many  works  on  gems. 

Use.  —  In  addition  to  its  use  as  a  gem,  the  diamond  is  extensively  used  as  an  abrasive. 
Crvstal  fragments  are  used  to  cut  glass.  The  fine  powder  is  employed  in  grinding  and 
poushing  gem  stones.  The  noncrysUdline,  opaque  varieties,  especially  the  carbonado,  are 
used  in  the  bits  of  diamond  drills.  The  diamond  is  also  used  in  wire  drawing  and  in  the 
making  of  timgsten  filaments  for  electric  lights. 

CuFTONiTB.  —  Carbon  in  minute  cubic  and  cubo-octahedral  crystals.  H.  =  2*6. 
G.  «  2*12.  Color  and  streak  black;  from  the  Youndegin,  West  Australia,  meteoric  iron, 
found  in  1884,  and  other  meteoric  irons. 

GRAPHITE.    Plumbago.    Black  Lead. 

Rhombohedral.  In  six-sided  tabular  crystals.  Commonly  m  embedded 
foliated  masses,  also  columnar  or  radiated;  scaly  or  slaty;  granular  to  corn^ 
pact;  earthy. 

Cleavage:  basal,  perfect.  Thin  laminse  flexible,  inelastic.  Feel  greasy. 
H.  =  1-2.  G«  =  2*09--2*23.  Luster  metallic,  sometimes  dull,  earthy.  Color 
iron-black  to  dark  steel-gray.    Opaque.    A  conductor  of  electricity. 

Comp.  —  Carbon,  like  the  diamond;  often  impure  from  the  presence  of 
ferric  oxide,  clay,  etc. 

Pyr.9  etc  At  a  high  temperature  some  graphite  bums  more  easily  than  diamond, 
other  varieties  less  so.    B.B.  infusible.    Unaltered  by  acids. 

Diff.  —  Characterized  by  its  extreme  softness  (soapy  feel) ;  iron-black  color;  metallic 
luster;  low  specific  gravity;  also  by  infusibility.    Cf.  molybdenite,  p.  360. 

Artif.  —  It  is  a  common  furnace  product  being  formed  from  the  fuel.  It  is  produced 
extensively  bv  heating  coke  in  the  electric  furnace. 

Obs.  —  Graphite  is  most  commonlv  formed  through  the  metamorphism  of  carbona- 
ceous deposits  and  is  most  frequently  found  in  metamorphic  rocks,  contact  metamori)hic 
deposits,  etc.  Coal  beds  may  be  largely  converted  into  graphite  by  intense  metamorphism 
It  18  not  always  of  organic  origin,  however,  as  is  shown  oy  its  occurrence  in  meteorites,  in 
p^matite  deposits  and  as  a  magmatic  separation  in  various  igneous  rocks.  Fre9uently  its 
on£^  is  obscure.  Found  as  beds  and  embedded  masses,  as  laminse  or  scales  m  granite, 
gneiss,  mica  schist,  quartzite,  crystalline  limestone.  The  deposits  of  cr>'8talline  graphite 
which  are  of  the  gr^test  commercial  importance  have  formed  as  veins  along  rock  fractures. 

Important  localities  are:  Island  of  Ce^rlon  from  which  the  largest  part  of  the  world's 
supply  comes;  Passau  district  in  Bavaria;  southern  Bohemia;  Korea;  Madagascar; 
Sonora  in  Mexico ;  eastern  Ontario  and  adjacent  portions  of  Quebec  in  Canada.  The  most 
productive  locality  in  the  United  States  is  in  the  eastern  and  southeastern  Adirondack 
region  in  Essex,  Warren,  Sarato^  and  Washington  Counties,  N.  Y.  It  occurs  here  in 
graphitic  quartziteS;  with  quartz  in  small  veins  running  through  gneiss  and  in  pep^matite 
veins.  Also  found  m  metamorphosed  Carboniferous  rocks  near  Providence  and  Tiverton, 
R.  I.;  in  granite  and  schists  in  Clay,  Chilton  and  Coosa  Counties,  Ala.;  as  amorphous 
naphite  near  Raton,  N.  M.;  in  irregular  veins  near  Dillon,  Mon.;  near  Turret,  Cnaffee 
Co.,  Col. 

use.  —  Its  chief  uses  are  for  making  crucibles  and  other  refractory  products,  in  lubri- 
cants^ paint,  stove  polish,  **lead"  pencus  and  for  foundry  facings. 

Tne  name  black  ^eod,  applied  to  this  species,  is  inappropriate,  as  it  contains  no  lead. 
The  name  graphite,  of  Werner,  is  derivea  from  ^pa^eiv,  to  vjiiUf  alluding  to  its  use  for 
pencils. 

QnisQUErrE.  —  A  black  lustrous  material  composed  chiefly  of  carbon  and  sulphur  from 
the  vanadium  ores  of  Minasragra,  Peru. 

SULPHUR. 

Orthorhombic.    Axes  a:h\c  =  0-8131  :  1  :  1-9034. 

Crystals  commonly  acute  pyramidal;  sometimes  thick  tabular  ||  c(OOl). 
See  also  Fig.  79,  p.  47.  Also  massive,  in  reniform  shapes,  incrusting,  stalac- 
titic  and  stalagmitic;  in  powder. 

Cleavage:  c(OOl),  7n(110),  p(lll)  imperfect.  Fracture  conchoidal  to 
uneven.     Rather  brittle  to  imperfectly  sectile.    H.  =  1-5-2-5.     G.  =  2*05- 
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2-09.    Luster  resinous.    Color  sulphur-yellow,   straw-  and  honey-ydlow, 

yellowish  brown,  greenish,  reddish  to 
629  680  yellowish  gray.     Streak  white.    Trans- 

v-'^K  parent   to    translucent.     A  non-con- 

/^f"^\\  ductor  of  electricity;  by  friction  neg- 

atively electrified.  A  poor  conductor 
of  heat.  Optically  +  .  Double  refrac- 
tion strong.  Ax.  plane  ||  6(010). 
Bx  ±  c(001).  Dispersion  p  <  v, 
2  V  =  69^5'.  Refractive  indices, 
\^V-f-y  a  =  1-958,  p  -  2038,  y  =  2245. 

^^^^  Comp.   —  Pure   siilphur;      often 

contaminated    with     clay,    bitumen, 
and  other  impurities. 

Sulphur  may  also  be  obtained  in  the  laboratory  in  other  allotropic  forms;  a  monoclinic 
form  is  common. 

Pyr.,  etc  —  Melts  at  108°  C,  and  at  270°  bums  with  a  bluish  flame  yielding;  sulphur 
dioxide.    Insoluble  in  water,  and  not  acted  on  by  the  acids,  but  soluble  in  carbon  disulpnide. 

Diif.  —  Readily  distinguished  by  the  color,  fusibility  and  combustibility. 

Obs.  —  The  ^preat  repositories  of  siilphur  are  either  beds  of  gypsum  and  the  associate 
rocks,  or  the  regions  of  active  and  extinct  volcanoes. 

Sulphur  may  have  several  different  modes  of  origin.  At  times  it  is  a  volcanic  sublimate 
formed  by  reactions  between  sulphur  dioxide  and  hydrogen  sulphide  gases.  It  occurs  fre- 
quently around  mineral  springs  where  it  has  been  formed  by  the  incomplete  oxidation  of 
hydrogen  sulphide.  Where  such  waters  act  upon  limestone  rocks  both  gypsum  and  sul- 
phur may  be  formed.  In  a  small  way  it  is  formed  in  many  coal  deposits  and  elsewho^e  by 
the  slow  decomposition  of  pyrite  and,  other  sulphides. 

Found  in  large  amounts  on  the  Island  of  Sicily^  often  in  fine  crystals  and  associated 
with  celestite,  calcite,  aragonite,  cryrpsum,  and  bante.  Important  deposits  are  found  in 
the  volcanic  districts  of  Japan,  Hawaii,  Mexico,  and  western  South  America.  In  the 
United  States  the  most  productive  deposits  are  in  Louisiana  and  Texas.  In  Calcasieu 
Parish,  Louisiana,  a  bed  of  sulphur  100  ft.  in  thickness  is  found  at  a  depth  of  between  300 
and  400  ft.  It  is  underlain  by  beds  of  gypsum  and  salt.  A  similar  deposit  occurs  near 
Freeport  in  Brazoria  Co..  Texas.  It  is  found  in  numerous  other  western  localities;  Utah, 
at  Sulphurdale,  Beaver  Co.,  in  a  rhyolitic  tuff;  Wy.,  in  limestones  near  Cody  and  Ther- 
mopohs  and  about  the  fumeroles  of  the  Yellowstone  Park;  Nev.,  in  Esmeralda  Co.  near 
Luning  and  Cuprite,  near  Rosebud,  Humbolt  Co.,  sometimes  in  crystals  and  at  Eureka, 
Eureka  Co.;  Ccd.,  in  Colusa,  Lake,  San  Bemadino  and  other  Counties,  at  the  geysers  of 
Napa  VfJley,  Sonoma  Co.,  on  Lassen  Peak,  Tehema  C^.;  Col.,  at  Vulcan,  Gunnison  Co., 
ana  in  Mineral  Co. 

Use.  —  In  manufacture  of  sulphuric  acid,  in  the  process  of  making  paper  from  wood 
pulp^  in  making  matches,  gun  powder,  fireworks,  insecticides,  for  vulcanizmg  rubber,  for 
medicinal  purposes,  etc.  Sulphuric  acid  is  now  largely  derived  from  the  oxidation  of 
pyrite. 

Selensulphur.  —  Contains  sulphur  and  selenium,  orange-red  or  reddish  brown;  from 
the  islands  Vulcano  and  Lipari. 

ARSENIC. 

Rhombohedral.  Generally  granular  massive;  sometimes  reticulated, 
reniform,  stalactitic. 

Cleavage:  c(OOOl)  highly  perfect.  Fracture  imeven  and  fine  granular. 
Brittle.  H.  =  3-5.  G.  =  5*63-5-73.  Luster  nearly  metallic.  Color  and 
streak  tin-white,  tarnishing  to  dark  gray. 

Comp.  —  Arsenic,  often  with  some  antimony,  and  traces  of  iron,  silver, 
gold,  or  bismuth. 

Pyr.  —  B.B.  on  charcoal  volatilizes  without  fusing,  coats  the  coal  with  white  arsenic 
trioxide,  and  affords  a  garlic  odor;  the  coating  treated  in  R.F.  volatilizes,  tingeing  the 
flame  blue.    In  the  closed  tube  gives  a  volatile  sublimate  of  arsenic. 
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Micro.  —  In  polished  section  shows  white  color  similar  to  galena.  Smooth  surface. 
With  HNOt  slowly  effervesces,  turning  dark.  Changes  color  in  same  way  with  FeCl<. 
Unaffected  by  KCN  and  HCl. 

Obs.  —  Occurs  in  veins  in  crystalline  rocks  and  the  older  schists,  often  accompanied  by 
ores  of  antimony,  the  ruby  silvers,  realgar,  sphalerite,  and  other  metallic  mlnenus.  Tlius 
in  the  silver  mines  of  Saxony;  also  AndrcAsberg,  Han  Mts.,  Germany;  Joachimstal  and 
Pribram,  Bohemia;  in  Hungry;  Norway;  Zmeov,  Siberia;  Pro  v.  Echizcn,  Japan,  etc. 
Abundant  at  Chafiarcillo,  Chile.  In  the  United  States  sparingly  at  Haverhill  and  Jackson, 
N.  H.;  near  LeadviUe,  Col.;  Washington  Camp.  Santo  Cruz  Co.,  Aric.  In  Canada  at 
Watson  Creek,  British  Columbia;  Montreal,  Quebec. 

Use.  —  An  ore  of  arsenic. 

Allemontite.  —  Arsenical  Antimony,  SbAst.  In  reniform  masses.  G.  —  6*203.  Luster 
metallic.  Color  tin-white  or  reddish  gray.  From  Allemont,  Fnmce;  Pribram,  Bohemia, 
etc. 

Telluriam.  Rhombohedral.  In  prismatic  crystals;  conmionly  columnar  to  fine-gran- 
ular massive.  Perfect  prismatic  cleavage.  H.  »  2-2*5.  G.  »  6*2.  Luster  metallic. 
Color  and  streak  tin- white.    B.B.  wholly  volatile.    In  warm  concentrated  sulphuric  acid 

S'ves  red  solution.     From  Transylvania^  West  Australia,  and  a  number  ot  places  in 
Dlorado. 

ANTIMONT. 

Rhombohedral.  Generally  massive,  lamellar  and  distinctly  cleavable; 
also  radiated;  granular. 

Cleavage:  c(OOOl)  highly  perfect;  also  other  cleavages.  Fracture  uneven; 
brittle.  H  =  3-3*5.  G.  =  6*65-6*72.  Luster  metallic.  Color  and  streak 
tin-white. 

Comp,  —  Antimony,  containing  sometimes  silver,  iron,  or  arsenic. 

Pyr.  —  B.B.  on  charcoal  fuses  very  easily  and  is  wholly  volatile  giving  a  white  coating. 
The  white  coating  tinges  the  R.F.  bluish  green.    Crystallizes  readily  from  fusion. 

Obs.  —  Occurs  near  8ala  in  Sweden;  Andreasberg  in  the  Harz  Mts.,  Germany;  Alle- 
mont, Dauphin6,  France;  Pribram,  Bohemia;  Mexico:  Chile;  Borneo.  In  the  United 
States,  at  Warren.  N.  J.,  rare;  in  Kern  Co.,  and  at  Soutn  Riverside,  Cal.  At  South  Ham, 
Quebec;  Prince  William  pariui,  York  Co.,  New  Brunswick. 

Use.  —  An  ore  of  antimony. 

BIS^iUTH. 

Rhombohedral.    Usually  reticulated,  arborescent;  foliated  or  granular. 

Cleavage:  c(0001)  perfect.  Sectile.  Brittle,  but  when  heated  somewhat 
malleable.  H.  =  2-2*5.  G.  =  9'70-9'SS.  Luster  metallic.  Streak  and 
color  silver-white,  with  a  reddish  hue;  subject  to  tarnish.    Opaque. 

Comp.  —  Bismuth,  with  traces  of  arsenic,  sulphur,  tellurium,  etc. 

Pyr.y  etc.  —  B.B.  on  charcoal  fuses  very  easily  and  entirely  volatilizes,  giving  a  coating 
orange-yeUow  while  hot,  lemon-yellow  on  ooohng.  With  potassium  iodide  and  sulphur 
B.B.  on  charcoal  gives  a  brilliant  red  coating.  Dissolves  in  nitric  acid;  subsequent  dilu- 
tion causes  a  white  precipitate.    Crystallizes  readily  from  fusion. 

Micro.  —  In  polished  section  shows  creamy  white  color  with  pink  tinge.  Smooth  and 
metallic  siurface.  With  HCl  slowly  darkens  and  dissolves.  Rapidly  darkens  with  effer- 
vescence with  HNOt  and  aqua  regia. 

Obs.  —  Occurs  in  veins  in  gneiss  and  other  crystaUine  rocks  and  clay  slate,  accom- 
panying various  ores  of  silver,  cobalt,  lead  and  zinc.  Thus  at  the  mines  of  Saxony  and 
Bohemia,  ete.;  Meymac,  Corr^ze,  France.  Also  at  Modum,  Norway;  at  Falun,  Sweden. 
In  Cornwall  and  Etevonshire;  near  Copiajx),  Chile;  Bolivia. 

Occurs  at  Monroe,  Conn.;  Brewer's  mine,  Chesterfield  district,  S.  C;  near  Cummins 
City,  and  elsewhere  in  Col.    Abundant  with  silver  ores  at  Cobalt,  Ontario. 

TJse.  —  An  ore  of  bismuth. 

Zinc.  —  Probably  does  not  occur  in  the  native  state.  In  the  laboratory  it  is  obtained 
in  hexagonal  prisms  with  tapering  pyramids;  also  in  comi>lex  crystalline  aggregates.  It 
also  appears  to  crystaUize  in  the  isometric  system,  at  least  in  various  allo}^. 

Tantalum.    Isometric.    In  cubic  crystals  and  fine   grains.    Color  grayish  yellow. 
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a  in  the  gold  waahings  of  the  Cnl  and  Alt&i 

Gold  Group 
GOLD. 

Immetric.  Distinct  crystals  rare,  o{lll)  most  common,  aim  d(llO)  and 
m(311);  crystals  often  elongated  in  direction  of  an  octahedral  axis,  giving 
rise  to  rhombohedral-like  forms,  and  arborescent  shapes;  also  in  plates 
flattened  \\  o(lll),  and  branching  at  60°  parallel  either  to  the  edges  or  diag- 
onals of  an  0  face  (see  pp.  172, 173).     Twins:  tw.  plane  o.    Skeleton  crystals 


common;  edges  salient  or  rounded ;  in  filiform,  reticulated,  dendritic  shapes. 
Also  massive  and  in  thin  l&minse;  often  in  flattened  grains  or  scales. 

Cleavage  none.  Fracture  hackly.  Veiy  malleable  and  ductile. 
H.  =  2'5-3.  G.  =  15'6-19'3,  1933  when  pure.  Luster  metallic.  Color 
and  streak  gold-yellow,  sometimes  inclining  to  sUver-*hite  and  rarely  to 
orange-red.     Opaque. 

Comp.  —  Gold,  but  usually  alloyed  with  silver  in  varying  amounts  and 
sometimes  containing  also  traces  of  copper  or  iron. 

Var.  —  I.  Ordinary.  Containiiig  up  to  16  p.  c.  of  ailver.  Color  varying  BC(!<trdiDgly 
from  deep  gold-yellow  to  pale  yellow,  and  specific  gravity  from  IQ'3  to  15'5.  The  ratio  (U 
eild  to  ailver  of  3  ;  1  correepondB  to  15'1  p.  c.  ailver.  For  G.  —  17'8,  Ag  —  9  p.  c; 
G.  -  169,  Ag  =  U-2;  G.  -  14-6  Ag  =  38-4.  The  pureat  gold  which  has  been  described 
is  that  from  Mount  Morf^o,  in  Queensland,  which  has  yielded  99'7  to  99'S  of  gold,  the 
remainder  being  copper  with  a  htue  iron;  ailver  is  present  only  as  a  minute  trace. 

2.  Argentiferous;  Eteclnim.  Color  pale  yellow  to  yellowuh  white;  G  =  156-I2'6. 
Ratio  for  the  gold  and  silver  of  1  :  I  corresponds  to  36  p.  c.  of  silver;  1}  :  1,  to  26  p.  c; 
2  :  1,  to  21  p.  c;  2)  :  1,  to  IS  p.  c.  The  word  in  Greek  means  also  amber;  and  its  use  for 
this  alloy  probably  arose  from  the  pale  yellow  color  it  has  as  compared  with  gold. 

Varieties  have  also  been  described  containing  copper  up  to  20  p.  c.  from  tne  Ural  Mts.j 
palladium  to  10  p.  c.  {porpexiie),  from  Porpes,  BmEu;  bismuth,  including  the  black  gold  ol 
Australia  (moMontfel;    also  rhodium (?). 

Pyr.,  etc.  —  B.B.  fuses  easily  (at  1100°  C).  Not  acted  on  by  fluxes.  Insoluble  in 
any  single  acid ;  soluble  in  aqua  regia,  the  separation  not  complete  if  more  than  20  p.  c. 
Ag  ia  present. 

Din.  —  Readily  reco^ized  {e.g.,  from  other  metallic  minerals,  also  from  scales  of  yel- 
low mica)  by  its  malleability  and  high  specific  mivity,  which  last  makes  it  possible  to  sepa- 
rate it  from  the  gangue  by  washing;  diatin([ui8ned  from  chalcopyriteandpyritc  aince  both 
sulphides  are  brittle  and  soluble  in  nitric  acid. 

Hlero.  —  In  polished  section  shows  a  golden  yellow  color  with  a  smooth,  metallic  sur- 
face. Unaffected  by  reagents  except  KCN,  with  which  it  quickly  darkens  BJid  its  surface 
becomes  rough, 

Oba.  —  Gold  is  widely  distributed  in  the  earth's  crust.  It  has  been  found  in  various 
igneous  rocks,  more  commonly  in  the  acid  types,  and  sometimes  in  visible  particles.  It 
occura  in  sedmientary  rocks  and  quite  frequently  in  connection  with  metamorphic  rocke. 
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It  18  a  constituent  of  sea  water.    It  is  most  frequently  found  in  notable  amounts  in  quartz 
veins  and  in  the  various  forms  of  placer  deposits. 

The  gold,  when  occiuring  in  quarts,  is  often  irregularly  distributed,  in  strings,  scales, 
plates,  and  in  masses  which  are  sometimes  an  agglomeration  of  crystals.  Frequently  the 
scales  are  invisible  to  the  xiaked  eye.  The  associated  minerals  are:  pyrite,  which  far  exceeds 
in  quantity  all  others,  and  is  generally  avr^erotts;  next,  chalcopvrite,  spuena,  sphalerite,  arsen- 
opyrite.  each  frequently  auriferous;  often  tetradymite  ana  other  tellurium  ores,  native 
bismutn,  native  arsenic,  stibnite,  cinnabar^  magnetite,  hematite;  sometimes  barite,  scheelite, 
apatite,  fluorite,  siderite,  chrjrsocolla.  Tne  quartz  at  the  surface,  or  in  the  upper  part  of  a 
vein,  is  usually  cellular  and  rusted  from  the  more  or  less  complete  disappearance  of  the 
pyrite  and  other  sulphides  by  decomposition;  but  below,  it  is  commonly  soUd. 

The  gold  of  the  world  was  earlv  gathered,  not  directly  from  the  quartz  veins  (the  "  quarts 
reefs"  of  Australia  and  Africa),  but  from  the  gravel  and  sand  deposited  in  the  valleys  in 
auriferous  regions,  or  on  the  slopes  of  the  mountains  or  hills,  whose  rocks  contain  in  some 
part,  and  generally  not  far  distant,  gold  bearing  veins.  Such  deposits  are  known  as  placer 
deposits.  The  gold  is  obtained  by  some  method  involving  the  use  of  a  current  of  water 
and  the  separation  of  the  gold  from  the  sand  and  gravel  by  means  of  its  high  specific  gravity. 
These  hydraulic  methods  have  been  very  extensively  used  in  California  and  Alaska  and 
indeed  most  of  the  gold  of  the  Ural  Mts.,  Brazil,  Australia,  and  many  other  gold  regions 
has  come  from  such  alluvial  washings.  At  the  present  timCf  however,  placer  deposits  are 
much  less  depnended  upon  and  in  inany  regions  all  the  gold  is  obtained  directhr  from  the  rock. 

The  alluvial  gold  is  usually  in  flattened  scales  of  different  degrees  of  fineness,  the  size 
depending  partlv  on  the  original  condition  in  the  quartz  veins,  andpartly  on  the  distance 
to  which  it  has  been  transported  and  assorted  by  running  water.  Tne  rolled  masses  when 
of  some  size  are  called  nuggets;  in  rare  cases  these  occur  very  large  and  of  great  value.  The 
Australian  gold  region  has  3delded  many  large  nuggets;  one  of  tnese  found  in  1858  weished 
184  pounds,  and  another  (1869)  weighed  190  pounds.  In  the  auriferous  sands,  crystius  of 
sircon  are  very  common;  also  garnet  and  cyanite  in  grains;  often  also  monazite,  (uamond, 
topaz,  corundum,  iridosmine,  platinum. 

Besides  the  free  gold  of  the  quartz  veins  and  gravels,  much  gold  is  also  obtained  from 
auriferous  sulphides  or  the  oxiaes  produced  by  their  alteration,  especially  pyrite*,  also 
arsenopynte,  chalcopyrite,  sphalerite,  marcasite,  etc.  The  only  mineriUs  containmg  gold  in 
combination  are  the  rare  tellurides  (svlvanite,  calaverite,  etc.). 

Gold  is  widely  distributed  over  the  earth.  It  occurs  under  many  different  conditions 
and  with  many  different  rocks,  being,  however,  more  commonly  associated  with  the  acid 
types.    A  brief  summary  of  the  more  important  districts  follows. 

Europe.  The  gold  deposits  of  Europe  are  to  be  foimd  chiefly  in  three  great  districts, 
namely  the  Ural  mountains,  eastern  Hungary  and  a  less  important  Alpine  district  reaching 
from  Carinthia  through  the  Austrian  Tyrol  and  the  Italian  Alps  to  tne  Pyrenees.  There 
are  three  gold  districts  in  Hungary.  Two  of  these  are  of  minor  importance  and  lie  one  ta 
the  north  of  Buda-Pesth  and  the  other  near  the  Galician  frontier.  The  third  district, 
which  is  the  most  important  district  in  Europe,  is  in  Transylvania,  lying  in  the  southeastern 
portion  of  the  Bihar  mountains.  Its  important  centers  are  Offenbanya,  Verespatak,  Nagy^ 
(largely  tellurides),  Boicza  and  Ruda. 

Asia.  In  Siberia  gold  is  foimd  on  the  eastern  slope  of  the  Ural  mountains  for  a  distance 
of  500  miles.  The  important  districts  from  north  to  south  are  Bogonlov,  Nizhni  Tagilsk, 
Beresov  and  other  localities  near  Ekaterinburs,  Syserstk  and  Ky^timsk,  the  Miaak  dis- 
trict including  Zlatoust  and  Mt.  Ilmen,  Kotchkar  and  at  the  southern  limit  of  the  fields. 
Orsk.  Siberia  also  has  the  important  placer  districts  in  Tomsk,  which  include  Altai  ana 
Marinsk,  and  in  Yeniseisk,  the  Atchinsk,  Minusinsk  and  the  north  and  south  Yenisei  dis- 
tricts. .  Farther  east  there  are  deposits  in  Transbaikalia  and  tiie  Lena  district  in  Yakutsk. 
In  India  the  chief  districts  are  the  Kolar  fidd  near  Bangalore  in  M3rsore  and  the  Gadag 
and  Hutti  districts  a  little  further  north.  Gold  has  been  mined  in  China  in  Chili,  Shantung 
Weihaiwei,  Szechuen,  Yuman  and  Fo-Kien.  In  Manchuria  on  the  Luau-tung  Peninsula. 
In  Korea  principally  at  Unsan.  Gold-quartz  veins,  ihany  of  which  have  been  worked  for 
a  long  time,  occur  on  a  number  of  the  Japanese  islands. 

'  Australasia.  The  most. important  districts  in  New  Zealand  lie  on  the  Hauraki  Penin- 
sula with  the  Waihi  mine  as  the  most  famous.  Other  districts  are  the  West  Coast  area  on 
the  western  slopes  of  the  Alps  of  the  South  Island  and  the  Otago  area.  In^ueensland  the 
districts  of  Charter  Towers  and  the  Mount  Morgan  mine  are  important.  Tnere  are  many 
^Id  districts  in  New  South  Wales  among  which  are  Hillgrove,  Mount  Boppy  and  HiU 
End.  Rich  districts  in  Victoria  are  the  Bendigo  and  Ballarat.  The  principcQ  gold  fields 
of  Tasmania  are  Beaconsfield,  Mathinna  and  the  copper  deposits  at  Mount  LyeU.  The 
chief  gold  field  in  West  Australia  is  near  Kalgoorlie  wnere  the  ores  are  largely  tellurides. 
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Africa.  Gold  is  found  in  E^pt  in  the  section  between  the  Nile  and  the  Red  Sea.  Some 
of  tiiese  deposits  were  worked  m  very  early  days.  Gold  has  been  produced  for  a  long  time 
from  the  Gold  Coast  district  on  the  Gulf  of  Guinea.  Important  deposits  are  found  in 
Matabeleland  and  Mashonaland  in  Southern  Rhodesia.  The  most  important  gold  district 
in  the  world  is  that  of  the  Witwatersrand  in  the  Transvaal.  The  mines  occur  in  an  east 
and  west  belt,  some  sixty  miles  in  length,  near  Johannesbiu^.  The  gold  is  foimd  scattered 
in  small  amounts  through  a  series  of  steeply  dipping  quartz  conglomerate  rocks. 

South  America.  Colonlbia  has  in  the  past  produced  large  amounts  of  gold.  The  chief 
districts  today  are  in  the  states  of  Antioauia  and  Cauca.  Comparatively  small  amounts 
are  produced  at  the  present  time  in  the  otner  northern  countries.  The  important  deposits 
of  Brazil  lie  200  miles  to  the  north  of  Rio  de  Janeiro  in  Minas  Geraes  along  the  Sierra  do 
Espinhaco.  The  gold  deposits  in  Chile  lie  chiefly  in  the  coast  ranges  in  the  northern  and 
central  parts  of  the  county. 

Mexico.  While  Mexico  is  chiefly  noteworthy  for  its  silver  output  it  produces  also  con- 
siderable gold.  Important  districts  are  as  follows:  Altar,  Magdalena  and  Arizpe  in  Sonora; 
various  pmces  in  Chihuahua,  especially  about  Parral,  and  the  Dolores  mine  on  the  westeni 
border  of  the  state;  the  El  Oro  mines  in  the  state  of  Mexico;  the  Pachuca  district  in 
Hidalgo;   also  various  plaoies  in  Guanajuato  and  Zacat«cas. 

Canada.  The  three  important  placer  districts  of  Canada  are  the  Klondike  in  Yukon 
Territory  and  the  Atlin  and  Cariboo  in  British  Columbia.  The  most  productive  vein 
deposits  are  found  in  British  Columbia  in  the  West  Kootenay  and  Yale  districts.  Gold  is 
alao  found  in  Ontario  and  Nova  Scotia. 

United  States.  Gold  occurs  in  the  United  States  chiefly  along  the  mountain  ranges  in 
the  western  states.  Smaller  amounts  have  been  found  along  the  Appalachians  in  the 
states  of  Virginia,  North  and  South  Carolina  and  Georgia.  The  more  unportant  localities 
in  the  western  states  are  eiven  below,  the  states  being  arranged  approximately  in  the  order 
of  their  importance.  Caufomia.  At  the  present  time  about  two  thirds  of  the  state's  out- 
put comes  from  the  lode  mines  and  one  third  from  placer  deposits.  The  quartz  veins  are 
chiefly  found  in  what  is  known  as  the  Mother-Lode  belt  that  lies  on  the  western  slope  of 
the  Sierra  Nevada  and  stretches  from  Mariposa  County  for  more  than  100  miles  toward 
the  north.  The  veins  occur  chiefly  in  a  belt  of  slates.  The  lode  mines  are  found  chiefly 
in  Amador,  Calaveras,  Kern,  Nevada,  Shasta,  Sierra  and  Tuolunme  Counties.  The 
important  placer  mines  are  located  in  Butte,  Sacramento  and  Yuba  Counties.  About  90 
per  cent  of  the  placer  gold  is  obtained  by  the  use  of  dred^.  Colorado.  Gold  is  mined  in 
various  districts  in  Gilpin  County,  from  the  Leadville  district  and  others  in  Xake  Coimty, 
in  the  rezion  of  the  San  Juan  mountains  in  the  Sneffels,  Silverton  and  Telluride  districts, 
Cripple  Creek  district  (telluride  ores)  in  Teller  County,  placer  deposits  in  the  Breckenridge 
distnct  in  Summit  Coimty.  Alaska.  The  most  important  lode  mines  are  in  the  Juneau 
district,  while  the  chief  placer  deposits  are  those  of  Fairbanks  and  Iditarod  in  the  Yukon 
basin  and  the  Nome  district  on  the  Seward  Pem'nsula.  Nevada.  The  most  important 
districts  are  those  of  Goldfield  in  Esmeralda  County  and  Tonapah  in  Nye  County.  South 
Dakota.  The  output  is  chiefly  from  the  Homestake  mine  at  Lead  in  Lawrence  County. 
Montana.  There  are  various  producing  districts,  the  more  important  being  in  Madison 
(largely  placers).  Deer  Lodge  and  Silver  Bow  Counties.  Arizona.  The  important  counties 
are  Mohave  ana  Cochise.  Utah.  Gold  is  produced  chiefly  from  the  Bingham  and  Tintic 
districts  in  Salt  Lake  County  and  from  Juab  County. 

Use.  —  The  chief  ore  of  gold. 

SILVER. 

Isometric.  Crystals  commonly  distorted,  in  acicular  forms,  reticulated  or 
arborescent  shapes;  coarse  to  fine  filiform;  also  massive,  in  plates  or  flattened 
scales. 

Cleavage  none.  Ductile  and  malleable.  Fracture  hackly.  H.  =  2*5-3. 
G.  =  101-iri,  pure  10-5.  Luster  metallic.  Color  and  streak  silver-white, 
often  gray  to  black  by  tarnish. 

Comp.  —  Silver,  with  some  gold  (up  to  10  p.  c),  copper,  and  sometimes 
platinum,  antimony,  bismuth,  mercury. 

Pyr.,  etc.  —  B.B.  on  charcoal  fuses  easily  to  a  silver-white  globule,  which  in  O.F.  g^ves 
a  faint  dark  red  coating  of  silver  oxide;  crystallizes  on  cooling;  fusibility  about  1060®  C. 
Soluble  in  nitric  acid,  and  deix)sited  again  by  a  plate  of  copper.  Precipitated  from  its 
solutions  by  hydrochloric  acid  in  white  curdy  forms  x>f  silver  chloride. 


NATIVE  ELEMENTS 


353 


Diff.  —  Distinguished  by  its  malleability,  color  (on  the  fresh  surface),  and  specific 
gravity. 

Micro.  —  In  polished  section  shows  a  creamy  white  color  with  a  metallic,  smooth 
surface.  With  aqua  regia  and  FeCla  tarnishes  quickly  with  bri^t  iridescent  coloss. 
Blackens  with  H^lOs. 

Obs. —  Native  silver  occurs  in  masses,  or  in  arborescent  and  filiform  shapes,  in  veins 
traversing  gneiss^  schist,  porphvry,  and  other  rocks.  Also  occurs  disseminated,  but  usually 
invisibly,  in  native  copper,  galena,  chalcocite.  etc.  It  is  commonly  of  secondary  origin, 
having  been  derived  from  the  reduction  of  sulphides  and  other  compounds  of  silver. 

Native  silver  is  found  at  a  great  many  localities,  some  of  the  most  famous  of  which 
foUow:  Kongsber^,  Norway,  in  magnificent  specimens  and  in  very  large  masses;  Freiberg, 
Schneeberg,  etc.,  in  Saxon v;  Pi4bram  and  Joachimstal  in  Bohemia;  Andreasberg  in  the 
Harz  Mts.,  Germany;  Allemont  in  Dauphin^,  France;  at  various  points  in  C^mwaJl, 
England.  At  Chafiaryillo  and  other  localities  in  Chile;  in  large  masses  at  Huantaya. 
Peru.  In  many  places  in  Mexico.  esi>ecially  at  Batopilas  in  Chihuahua;  in  Zacatecas  ana 
Guanajuato.  A  very  important  district  is  at  Cobalt,  Ontario,  where  native  silver  occurs  in 
masses  up  to  1000  pounds  in  weight;  it  occurs  there  associated  with  various  cobalt  and 
nickel  mmerals. 

In  the  United  States  it  has  been  found  with  native  copper  in  the  Lake  Sui)erior  copper 
district;  at  Silver  Islet,  Lake  Superior;  at  Butte  and  the  Elkhom  mine  in  Mon.;  at  the 
Poor  Man's  Lode  in  Idaho;  in  Col.,  with  various  sulphide  deposits,  especially  at  Aspen. 

Use.  —  An  ore  of  silver. 

COPPER. 

Isometric.  The  tetrahexahedron  a  common  form  (Pig.  635) ;  also  in  octa- 
hedral plates.  Distinct  crystals  rare.  Frequently 
irregularly  distorted  and  passing  into  twisted  and 
wirelike  forms;  filiform  and  arborescent.  Massive; 
as  sand.  Twins:  tw.  pi.  o  (111),  very  common, 
often  flattened  or  elongated  to  spear-shaped  forms. 
Cf.  p.  173. 

Cleavage  none.    Fracture  hackly.    Highly  ductile  • 
and  malleable.    H.  =  2-5-3.    G.  =  8-8-8-9.    Luster 
metallic.    Color  copper-red.    Streak  metallic  shining. 
Opaque.      An   excellent    conductor   for   heat    and 
electricity. 


a 


a 


h  =  (410). 


Comp.  —  Pure  copper,  often  containing  some  silver,  bismuth,  mercury, 

etc. 

Pyr.,  etc.  —  B.B.  fuses  reswiily;  on  cooling  becomes  covered  with  a  coating  of  black 
oxide.  Dissolves  readily  in  nitric  acid,  giving  off  red  nitrous  fumes,  and  produces  a  deep 
azure-blue  solution  with  excess  of  ammonia.    Fusibility  780^  C. 

Micro.  —  In  polished  section  shows  pink  color  with  smooth,  metallic  surface.  With 
cone.  HNOs  dissolves  and  shows  iridescent  tarnish.  With  FeCU  blackens  and  shows  a 
solution  pit. 

Obs.  —  Copper  is  usually,  if  not  always,  secondary  in  its  origin.  It  has  either  been 
deposited  from  solution  by  some  reducing  agent  whicn  is  commonly  a  compound  of  iron 
.  or  hy  the  ^adual  reduction  of  some  solid  compound.  Pseudomorphs  of  copper  after  cu- 
prite, azunte,  chalcocite,  etc.,  are  well  known.  It  is  associated  with  other  copper  ores, 
especially  cuprite,  malachite  and  azurite  in  the  upper  zone  of  copper  veins:  also  with  the 
sulphides,  chalcopyrite,  chalcocite.  etc.;  often  abundant  in  the  vicinity  of  oikes  of  igneous 
rocKs;  edso  in  clay  slate  and  sandstone. 

Occurs  in  crystals  at  Bogoslovsk,  Nijni  Tagilsk  and  elsewhere  in  the  Ural  Mts.  In 
NassaUj  Germany.  Common  in  Cornwall,  En^and.  Occurs  in  Brazil,  Chile,  and  Peru. 
Found  m  pseudomorphs  after  the  pseudo-hexagonal  twins  of  araeonite  at  Corocoro,  Bolivia. 
Abundant  at  Wallaroo,  South  Australia  and  at  Broken  Hill,  New  South  Wales.  Occurs 
at  various  places  in  Mexico. 

Occurs  native  throughout  the  red  sandstone  rc|^on  of  the  eastern  United  States,  spar- 
ingly in  Mass..  Conn.,  and  more  abundantly  in  N.  J.  Near  New  Haven,  Conn.,  a  mass 
was  found  in  tne  drift  weighing  nearly  200  pounds  j  smaller  isolated  masses  have  also  been 
found.    Found  in  minor  amounts  at  Bisbee,  Ariz,  (m  branching  crystal  groups) ;  at  George- 


354  DESCRIPTIVE  MINERALOGY 

town,  N.  M.  (pseudomorphs  after  azurite);  Ducktown,  Tenn.;  Cornwall,  Pa.;  and  Frank- 
lin, N.  J.  The  most  important  region  in  the  world  for  native  copper  is  the  Lake  Superior 
copper  district  on  the  Keweenaw  peninsula,  northern  Mich.  The  rocks  of  this  district  oon~ 
sist  of  a  series,  of  interbedded  lava  flows,  sandstones  and  conglomerates  which  dip  steeply 
to  the  northwest.  The  copper  is  obtained  practically  all  in  the  native  state,  sometimes  in 
immense  masses.  It  occurs  as  (1)  a  cement  filling  the  interstices  in  the  sandstone  and 
conglomerate,  sometimes  replacing  in  large  part  the  grains  and  pebbles  themselves,  (2)  fill- 
ing the  amygdaloidal  cavities  in  the  diabase  and  (3)  in  veins  that  traverse  all  kinds  of  rock. 
The  copi}er  was  probab^  brought  into  the  district  by  the  igneous  rocks.  It  is  aasociated 
with  native  silver,  calcite,  prehnite,  datolite,  analcite,  etc. 

Use.  —  An  ore  of  copper. 
MERCURY.    Quicksilver. 

In  small  fluid  globules  scattered  through  its  gangue.  G  =  13*6.  Luster 
metallic,  brilliant.    Color  tin-white.    Opaque. 

Comip.  —  Pure  mercury  (Hg);  with  sometimes  a  little  silver. 

Pyr.,  etc.  —  B.B.  entirelv  volatile,  vaporizing  at  350**  C.  Becomes  solid  at  —  40^  C, 
crystallizing  in  r^ular  octahedrons  with  cubic  cleavage;  G.  —  14 '4.  Dissolves  in  nitric 
acid. 

Obs.  —  Mercury  in  the  metallic  state  is  a  rare  mineral,  and  is  usuallyassociated  with 
the  sulphide  cinnabar,  from  which  the  supplv  of  commerce  is  obtained.  The  rocks  afford- 
ing the  metal  and  its  ores  are  chiefly  clay  shales  or  schists  of  different  geological  ages.  Also 
found  in  connection  with  hot  springs.    See  cinnabar. 

LEAD. 

Isometric.  Crystals  rare.  Usually  in  thin  plates  and  small  globular 
masses.  Very  malleable,  and  somewhat  ductile.  H  =  1*5.  G.  =  11 '4. 
Luster  metallic.    Color  lead-gray.    Opaque. 

Comp.  —  Nearly  pure  lead;  sometimes  contains  a  Uttle  silver,  also 
antimony. 

Pyr.  —  B.B.  fuses  easily,  coating  the  charcoal  with  a  yellow  to  white  oxide.  Fusi- 
bilitv  330^  C.     Dissolves  easily  in  dilute  nitric  acid. 

Obs.  —  Of  rare  occurrence.  Found  at  Pajsberg,  Harstig,  and  L£ngban  in  Sweden; 
similarly  at  Nordmark*  also  in  the  gold  washmgs  of  the  Urai  Mts.;  reported  elsewhere, 
but  localities  often  douotful.  In  the  United  States,  occurs  at  Breckinridge  and  Gunnison, 
Col.;  Wood  River  district,  Idaho;  Franklin,  N.  J. 

AMALGAM. 

Isometric.  Common  habit  dodecahedral.  Crystals  often  highly  modified. 
Also  massive  in  plates,  coatings,  and  embedded  grains. 

Cleavage:  dodecahedral  in  traces.  Fracture  conchoidal,  uneven.  Rather 
brittle  to  malleable.  H.  =  3-3'5.  G,  =  1375-141.  Luster  metallic,  bril- 
liant.   ^Color  and  streak  silver-white.     Opaque. 

Comp.  —  (Ag,Hg)»  silver  and  mercury,  varying  from  AgsHgs  to  AgaeHg. 

Var.  —  Ordinary  amalgam,  AgiHgs  (silver  26*4  p.  c.)  or  AgHg  (silver  36-0);  also 
AgJIgs,  etc.  Arquerile,  AgwHg(silver  86-6);  G.  =  10*8;  malleabTc  and  soft.  Kongfher^ 
giUy  AgasHg  or  Ag5«Hg. 

Pvr.,  etc.  —  B.B.  on  charcoal  the  mercury  volatilizes  and  a  globule  of  silver  is  left.  In 
the  closed  tube  the  mercury  sublimes  and  condenses  on  the  cold  part  of  the  tube  in  minute 
globules.     Dissolves  in  nitric  acid.     Rubbed  on  copper  it  gives  a  silvery  luster. 

Obs.  —  From  Germanv  in  the  Rhine- Palatmate  at  Moschel-Landsb^TK  and  at 
Friedrichssegen,  Na^au;  from  Sala^  Sweden;  Kon^berg,  Norway;  Allemont,  Dauphin^, 
France;  Almaden,  Spain;  Chile;  Vitalle  Creek,  Bntish  Columbia  (arquerUe). 

Tin.  —  Native  tin  has  been  reported  from  several  localities.  The  only  occurrence 
fairly  above  doubt  is  that  from  the  washings  at  the  headwaters  of  the  Clarence  river,  near 
Oban,  New  South  Wales.  It  has  been  found  here  in  grayish  white  rounded  grains,  with 
platinum,  iridosmine,  gold,  cassiterite,  and  corundum. 
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Platimun-Iron  Group 

flahnum. 

• 

Isometric.    Crystals  rare;  usually  in  grains  and  scales. 

Cleavage  none.  Fracture  hackly.  Malleable  and  ductile.  H.  —  4r-4-5. 
G.  =  14-19  native;  21-22  chem.  pure.  Luster  metallic.  Color  and  streak 
whitish  steel-gray;  shining.  Sometimes  magnetic  and  occasionally  shows 
polarity. 

Comp.  —  Platinum  alloyed  with  iron,  iridium,  rhodium,  palladium, 
osmium,  and  other  metals. 

Most  platinum  yields  from  8  to  15  or  even  18  per  cent  of  iron,  0'5  to  2  p.  c.  palladium, 
1  to  3  p.  c.  each  of  rhodium  and  iridium,  a  trace  of  osmium  and  finally  0*5  to  2  p.  c.  or  more 
of  copper. 

Vir.  —  1.  Ordinary.  iNTon-momietic  or  only  slightly,  magnetic.  G.  =«  16* 5- 18*0  mostly. 
2.  Magnetic,  G.  ahout  14.  Much  platinum  is  magnetic,  and  occasionally  it  has  polarity. 
The  magnetic  property  seems  to  be  connected  with  high  percentage  of  iron  (iron-platinum), 
although  this  distinction  does  not  hold  without  exception. 

Pyr.y  etc.  —  B.B.  infusible.  Not  afifected  by  borax  or  salt  of  phosphorus,  except  in  the 
state  of  fine  dust,  when  reactions  for  iron  and  copper  may  be  obtained.  Soluble  only  in 
heated  aqua  reg^. 

Diff.  —  Distinguished  by  its  color,  malleabiUty,  high  specific  gravity,  infusibility  and 
insolubility  in  orcunary  acids. 

Obs.  —  The  platinum  of  commerce  comes  almost  exclusively  from  placer  deposits.  Its 
original  source,  however,  is  in  the  basic  igneous  rocks,  usually  peridotites.  The  associated 
minerals  are  commonly  chrysolite,  serpentine  and  chromite.  Platinum  was  first  found  in 
pebbles  and  small  ^ains^  associated  with  iridium,  gold,  chromite,  etc.,  in  the  alluvial  de- 
posits of  the  river  Pmto,  in  the  district  of  El  Choco,  Colombia ;  Kouth  America,  whore  it 
received  its  name  plaiina  (platina  del  Pinto)  from  plaia.  silver.  The  greater  part  of  the 
9  supply  comes  from  Russia  (discovered  in  1822)  wnere  it  occurs  in  alluvial  material 
in  the  Ural  Mts.  at  Nijni  Tagilsk,  and  with  chromite  in  a  serpentine  probably  derived  from 


world's  supply  comes 

in  the  Ural  Mts.  at  N  _         _ 

a  peridotite;  also  in  the  Goroblagodat  and  Bisersk  districts.    Also  found  in  Borneo;  in 

New  Zealand,  from  a  region  characterized  by  a  chrysolite  rock  with  serpentine;  in  New 

South  Wales,  at  the  Broken  Hill  district,  and  in  gold  washings  at  various  points. 

In  Cal.  in  small  amounts  in  the  gold  placers,  chiefly  in  Trinity  Co.;  at  Port  Oriord  in 
Ore.  At  various  points  in  Canada,  the  most  important  being  the  Tulameen  District  in 
British  Columbia 

Use.  —  Practically  the  only  ore  of  platinum. 

Iridium.  Platin-iridium.  Iridium  alloyed  with  platinum  and  other  allied  metals. 
Occurs  usually  in  angular  grains  of  a  silver-white  color.  H.  =  6-7.  G.  =  22 •6-22 '8. 
With  the  platmum  of  tne  UrsJ  Mts.  and  Brazil. 

HUDOSMINE.    Osmiridium. 

Rhombohedral.    Usually  in  irregular  flattened  grains. 

Cleavage:  c(OOOl)  perfect.  Slightly  malleable  to  nearly  brittle.  H.  = 
6-7.  G.  =  19-^21 -12.  Luster  metallic.  Color  tin-white  to  light  steel- 
gray.     Opaque. 

Comp.  —  Iridium  and  osmium  in  different  proportions.  Some  rhodium, 
platinum,  ruthenium,  and  other  metals  are  usually  present. 

Var.  —  1.  Nevyanakite,  H.  =  7;  G.  =  18*8-19'5.  In  flat  scales;  color  tin-white. 
Over  40  p.  c.  of  iridium.  2.  Siserskile.  In  flat  scales,  often  six-sided,  color  grayish  white, 
steel-gray.  G.  =  20-21*2.  Not  over  30  p.  c.  of  iridium.  Less  common  than  the  light- 
colored  variety. 

Diff.  —  Distinguished  from  platinum  by  greater  hardness  and  bv  its  lighter  color. 

Obs.  —  Occurs  with  platinum  in  South  America;  in  the  Ural  Mts.;  in  auriferous  drift 
in  New  South  Wales.  Rather  abundant  in  the  auriferous  beach-sands  of  northern  Cali- 
fornia and  Or^on. 

Palladium.  —  Isometric.    Palladium,  alloyed  with  a  little  platinmn  and  iridium. 
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MoBtly  in  grains.     H.  -  4'5-G.    O.  -  tl-3-11'8.    Color  whitish  steel-gray.    Occurs  with 
platinum  in  Brazil;  also  from  the  Ural  Mtn. 

AllopalUiUum.  —  Palladium  under  the  hexogoual-rhombohedral  cU8s(T).  From  Til- 
kerode  m  the  Hart  Mte.  in  small  hexagonal  tables  with  gold. 

ntOH. 

Isometric.     Usually  massive,  rarely  in  crystals. 

Cleavage:  a(lOO),  perfect;  also  a  lamellar  structure  ||  o(lll)  and  ||  d(llO). 
Fracture  hackly.  Malleable.  H.  =  4-5.  G.  =  7-3-7-8.  Luster  metallic. 
Color  steel-gray  to  iron-black.     Strongly  magnetic. 

Vtr.  —  1.  Terrestrial  Iron.  —  Found  in  masses,  occHsionally  of  great  siie,  as  well  as 
in  small  embedded  particles,  in  basalt  at  Blaafjeld,  Ovifak  (or  (Jifak),  Disko  Island,  West 
Greenland;  also  elsewhere  on  the  dame  coast.  This  iron  contains  1  to  2  p.  c.  of  Ni.  Id 
small  grains  with  pyrrhotite  in  basalt  from  near  Ka^l,  Heese  Nassau,  Germany.  la 
minute  spherules  in  feldspar  from  Cameron  Township,  Nipiseing  Dist.,  Ontario.  Some 
other  occurrencta,  usually  classed  as  meteorin,  may  be  in  fact  terrestrial. 

A  nickelifettius  metalllr  iron  (FeNii)  called  awtiruiU  occurs  in  the  drift  of  the  Gorge 
river,  which  empties  into  Awarua  Bay  on  the  west  coast  of  the  south  island  of  New  Zm- 
lond;  associated  with  gold,  platintun,  cassiterite,  chromite;  probably  derived  from  a 
partiaUy  serpentinized  peridotite.  Joiephinite  is  a  nickel-iron  (FeNij)  from  Oregon,  occur- 
.  ring  in  stream  gravel.  Similar  material  from  near  Lillooet  on  the  Fraser  river.  British  Co- 
lumbia, has  been  called  aoucsiie.  Native  iron  also  occurs  sparingly  in  some  basalts;  reported 
from  gold  or  platinum  washings  at  various  points, 

3.   Meteoric  Iron.  —  Native  iron  also  occurs  in  most  meteoril«B,  forming  in  some  caaeB 
(a)  the  entire  mass  (irfm  meleorileg);   also  (b)  as  a  spon^,  cellular  matrix  in  which  are 
embedded  grains  of  chrysolite  or  other  silicates  {mderolilet) ;  (c)  in  grains  or  scales  dissemi- 
nated more  or  less  freely  throughout  a  stonj'  matrix 
$3$  (meleorie  iloneg).    Rarefy  a  meteorite  consists  of  a 

single  crystalline  individual  with  numerous  twinning 
lamelbe  |lo{lll).  Cubic  cleavage  sometimes  observed: 
also  an  octahedral,  less  often  aodecahedral,  lamellar 
structure.  Etching  with  dilute  nitric  acid  (or  iodine) 
commonly  develops  a  crystalline  structure  (called 
WHmansUWen  fispiret)  (Fig.  636);  usually  consisting 
of  lines  or  bands  crossing  at  various  angles  according 
to  the  direction  of  the  section,  at  60°  if  ||  o(lll), 
90°  |l  a(IOO),  etc.  Thev  ore  formed  hy  the  edges  of 
crystalhnt  plates,  usually  ||  o,  of  the  nickeliferous  ux« 
of  different  composition  (kamatHe.,  UfriUe,  plesgite),  as 
shown  by  the  fact  that  they  are  diflerentiy  attacked 
by  the  acid.  Irons  with  cubic  structure  and  with 
twinning  lomelhe  have  a  series  of  fine  lines  correspond- 
,  .  ing  to  those  developed  by  etching  {Neumann  /in«s).    A 

Gloneta  Mt.,  New  Menoo  damascene  luster  la  also  produced  in  some  cases,  due 

to    quadrilateral   depressions.    Some  irons  show   no 
distinct  crystalline  structure  u|>oti  etching. 

The  exterior  of  masses  of  meteoric  iron  is  usually  more  or  Ie«  deeply  pitted  with  rounded 
thumblike  depressions,  and  the  surface  at  the  time  of  fall  is  covered  with  a  film  of  iron  oxide 
in  fine  ridges  showing  lines  of  flow  due  to  the  melting  caused  hy  the  heat  developed  by  the 
resistance  of  the  air;  this  film  diaappeara  when  the  mm  is  exposed  to  the  weather. 

Meteoric  iron  is  always  alloyed  with  nickel,  which  is  usually  present  in  amounts  varying 
from  5  to  10  p.  c,  sometimes  much  more;  small  amounts  of  other  metals,  as  cobalt,  man- 
ganese, tin,  copper,  chromium,  are  also  often  present.  Occluded  gases  can  usually  be 
detected.  Graphite,  in  seams  or  nodules,  also  troilite  (iron  sulphide),  schreibersitc  (iron- 
"     '     iphide)  I  '       ■ 


Moissanlte.  -  .     „       .  . 

been  found  occurrmg  naturally  as  small  green  nexagonsl  plates  in  the  meteoric  iron  of 
GaAon  Diablo,  Arix 
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n.  SULPHIDES,  SELENIDES,  TELLURIDES,  ARSENIDES, 

ANTIMONIDES 

The  sulphides,  etc.,  fall  into  two  Groups  according  to  the  character  of  the 
positive  element. 

L   Sulphides,  Selenides,  Tellurides  of  the  Semi-metals. 

.  n.  Sulphides,    Selenides,    Tellurides,    Arsenides,  Antimonides  of    the 
Metals.  

* 

I.  Sulphides,  etc.,  of  the  Semi-Metals 

This  section  includes  one  distinct  group,  the  Stibnite  Group,  to  which 
orpiment  is  related;  the  other  species  included  stand  alone.  537 

REALGAR. 

Monochnic.    Axes  a:b:c^  1-4403  : 1  : 0-9729;  j8  =  ee""  5'. 

mm''\  110  A  lIO  =  105°  34'."        rr\  012  A  0T2  =  47**  67'. 

Crystals  short  prismatic;  striated  vertically.  Also  gran- 
ular, coarse  or  fine;  compact;  as  an  incrustation. 

Cleavage:  fe(OlO)  rather  perfect.  Fracture  small  con- 
choidal.  Sectile.  H.  =  1-5-2.  G.  =  3*56.  Luster  resinous. 
Color  am-oranred  or  orange-yellow.  Streak  varjdng  from 
orange-red  to  aurora-red.    Transparent  —  translucent.  Nagyag 

Comp.  —  Arsenic  monosulphide,  AsS  ==  Sulphur  29*9,  arsenic  70*1  =  100. 

Pyr..  etc.  —  In  the  closed  tube  melts  and  ^ves  a  dark  red  liquid  when  hot  and  a  red- 
dish yellow  solid  when  cold ;  in  the  open  tube  (if  heated  verv  slowhr)  sulphurous  fumes,  and 
a  white  crystalline  sublimate  of  arsenic  trioxide.  B.B.  on  charcoal  burns  with  a  blue  flame, 
emitting  arsenical  and  sulphurous  odors.    Soluble  in  caustic  alkalies. 

Artix.  —  Realgar  is  frequently  noted  as  a  sublimation  product  from  furnaces  roasting 
ores  of  arsenic.  Crystals  are  produced  when  arsenic  sulpnide  is  heated  in  a  s^ed  tube 
with  a  solution  of  sodium  bicarbonate. 

Obs.  —  Realgar  occurs  usually  in  veins  associated  with  silver  and  lead  ores.  It  has 
been  found  in  volcanic  regions  as  a  sublimation  product.  It  has  also  been  noted  as  a  deposit 
from  hot  spring  waters.  It  is  often  associated  with  orpiment.  It  occurs  at  Feisdbanya, 
Kapnik  and  Nagydg,  Hungary;  Allchar,  Macedonia.  Binnental^  Switzerland,  in  dolomite. 
In  the  United  States,  at  Mercur,  Utah;  in  the  Norris  Geyser  Basm,  YeUowstone  Park,  as  a 
deposition  from  the  hot  waters.  Found  at  the  Monte  Cristo  mining  district,  Snohomish 
Co.,  Washington;  the  name  reoZ^or  is  from  the  Arabic,  Rahj  al  gh&r,  poiwier  of  the 
mine. 

Use.  —  Was  used  in  fireworks  to  give  a  briUiant  white  light  when  mixed  with  saltpeter 
and  ignited.    The  artificial  material  is  now  used  for  this  purpose. 

ORPIMENT. 

Monoclinic.    Axes  a:b:c  =  0596  :  1  :  0665,  p  =  90''41'. 

Crystals  small,  rarely  distinct.  Usually  in  foliated  or  columnar  masses; 
sometimes  with  reniform  surface. 

Cleavage:  fe(OlO)  highly  perfect,  cleavage  face  vertically  striated;  a(lOO) 
in  traces;  gliding-plane  c  (001).  Sectile.  Cleavage  laminse  flexible,  inelastic. 
H.  =  1*5-2.  G.  =  3*4r-3*5.  Luster  pearly  on  b  (cleavage);  elsewhere 
resinous.  Color  lemon-yellow  of  several  shades;  streak  the  same,  but  paler. 
Subtransparent  —  subtranslucent. 

Comp.  —  Arsenic  trisulphid^,  AsgSa  =  Sulphur  39'0,  arsenic  61*0  =  100. 
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Pjr.,  etc.  —  Same  M  for  realgar,  p.  357. 

DiS.  —  Distinguished  by  ite  fine  yellow  color,  pearly  lust«r,  easy  cleavage,  and  flexi- 
bility when  in  pktee. 

Artif.  —  Orpiment  baa  been  ayntheeiied  by  heating  solutiona  of  arsenic  with  ammo- 
nium BulphocyBiiate  in  a  sealed  tube;  also  by  toe  treatment  under  prewure  of  aisenic  add 
with  hydrogen  sulphide , 

Otw.  —  Occurs  under  same  conditions  as  realgar  with  which  it  is  commonly  associated. 
It  is  found  in  Hungary  at  Tajowa  in  small  ciystals,  in  foliated  and  fibrous  ma^Ks  at  Mol- 
dowa,  in  metalliferous  veins  at  Kapnik  and  Pefsfibinya;  with  real^  at  Allchar,  Macedonia. 
A  large  deposit  occurred  near  Julamerk  in  Kurdistan.  Occurs  in  fine  crystals  at  Mercur, 
Utah,  Among  the'depositH  of  the  Steamboat  Springs,  Nevada;  also  with  realgar  in  the 
Yellowstone  Park. 

The  name  orpiment  is  a  corruption  of  its  Latin  name  auripigmentum.  "golden  paini," 
given  in  allusion  to  the  color,  and  also  because  the  eubetance  was  Buppoeea  to  contain  gold. 

Dae.  —  For  a  pipuent,  in  dyeing  and  in  a  preparation  for  the  i«moval  of  hair  from  skins. 
lliB  artificial  material  is  largely  used  as  a  substitute  for  the  mineral. 


Stibnite  Group 

a  -.b  :c 

SbA 

0-8626  :  1  :  1-0179 

BiA 

0-9679  :  1  :  09850 

Stiboite 

Bismuthinite 

Guanajuatite 

The  species  of  the  Stibnite  Group  crystallize  in  the  orthorhombic  systou 
and  have  perfect  brachypinacoidal  cleavage,  yielding  flexible  laminie. 

The  species  orpiment  is  in  physical  properties  somewhat  related  to  stibnite,  but  is 
monoclinic  in  ci^is^lliEation.  Groth  notes  Uutt  in  a  similar  way.  the  oxide,  A^i,  is  mono- 
clinic  in  daudetite,  while  the  corresponding  compound,  SbiOi  (vatentinite),  is  orthorhombic. 

STIBNITE.    Antimonit«,  Antimony  Glance. 
Orthorhombic.    Axes  a  :  b  -.c  =•  0-9926  : 1  :  10179. 

mm'",  110  A  lIO  -  86'  34'.  bv,  010  A  121  -  35'    8'. 

pp'.      111  A  Til  -  71°  241'.  b^,  010  A  353  =  40°  lOl'. 

M-,       113  A  Il3  -  35°  52i'.  6t,  010  A  343  -  46°  33'. 

m'",     113  A  ll3  -  35°  36'.  bp,  010  A  111  -  54°  36'. 

Cryetals  prismatic;  striated  or  furrowed  vertically;  of  ten  curved  or  twisted 
(cf.  p.  188).     Common  in  confused  aggregates  or  radiating  groups  of  acicular 
crystals;  massive,  coarse  or  fine 
™°  *•■  **'  columnar,  commonly  bladed,  less 

^^-^*^  often  granular  to  impalpable. 

/"T/  ^>^  Cleavage:     6(010)    highly 

""■^ f  perfect.     Slightly  sectile.     Frac- 

ture   small   sub-conchoidal.     H, 
=  2.  -   G.  =  4-52-4-62.      Luster 
,  metallic,    highly     splendent    on 

cleavage  or  fresh  crystalline  sur- 
faces. Color  and  streak  lead- 
gray,  inclining  to  steel-gray:  sub- 
ject to  blackish  tamisfa,  sometimes 
iridescent. 

California  Hungary  Japan  Comp.  —  Antimony     trisul- 

phide,    SbjS,   =  Sulphur   286, 
antimony  71-4  =  100.     Sometimes  auriferous,  also  argentiferous. 

Pyr.,  fttc  —  Fuses  very  easily  (at  I)  coloring  the  flame  greenish  blue.  In  the  open 
tube  sulphurous  (80t)  and  antuoonial  (chiefly  Sb,Ot)  fumes,  the  lattca-  oondenaing  as  a  white 
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sublimate  which  B.B.  is  non- volatile.  On  charcoal  fuses,  spreads  out,  gives  sulphurous 
fumes,  and  coats  the  coal  white  with  oxide  of  antimony;  this  coating  treated  m  R.F. 
volatilizes  and  tinges  the  flame  greenish  blue.  When  pure,  perfectly  soluble  in  hydrochloric 
acid;  in  nitric  acid  decomposed  with  separation  of  antimony  pentoxide. 

Diff.  —  Distinguished  {e.g.,  from  galena)  by  cleavage,  color^  softness;  also  by  its  fusi- 
bility and  other  blowpipe  characters.  It  is  harder  than-  graphite.  Resembles  sometimes 
certain  of  the  rarer  siuphantimonites  of  lead,  but  3rields  no  Ic^eul  coating  on  charcoal. 

Micro.  —  In  polished  section  shows  white  color  like  galena  with  a  smooth  surface. 
Darkens  with  HNOi  and  aqua  regia;  ^th  KOH  turns  orftpptyvpHo^  ^^  ro/^/^iftli  K^^wn 

Artif .  —  Stibnite,  like  orpiment,  has  been  artificially  produced  by  heating  in  a  sealed 
tube,  a  solution  of  antimony  with  ammonium  sulphocyanate;  also  by  passing  hydrogen 
sulphide  at  a  red  heat  over  compoimds  of  antimonv. 

Obs.  —  Stibnite  has  been  noted  in  deposits  of  solfataric  ori^pi  but  usually  has  appar- 
ently been  deposited  from  alkaline  solutions  in  intimate  association  with  auartz.  It  is 
found  in  beds  or  veins  in  granite  and  gneiss,  often  accompanied  with  various  otner  antimonv 
minerals  produped  by  its  alteration.  Also  associated  in  metalliferous  deposits  with  sphal- 
erite, ealena^  cimiabar,  barite,  quartz;  sometimes  accompanies  native  jsold. 

Stibnite  is  the  most  common  ore  of  antimony  and  is  found  in  quantity  in  manv  countries 
but  has  never  been  extensively  mined  in  the  United  States.  In  Europe  it  has  oeen  found 
in  notable  deposits  at  Wolfsberg,  Harz  Mts.;  at  Br&unsdorf  near  Freiberg  in  Saxony;  at 
the  Caspari  mine  near  Amsberg,  Westphalia;  in  Himgary  at  Fels5bdnya,  Kremnitz  and 
Kapnik;  at  various  points  in  France.  Groups  of  large  splendent  cnrstals  have  come 
from  the  antimony  mines  in  the  Province  of  Ivo,  island  of  Shikoku,  Japan.  Important 
deposits  are  located  in  southern  China,  particularly  in  the  Province  of  Hunan.  Mexico  and 
Chile  produce  considerable  antimony  ore. 

In  the  United  States  the  more  important  deposits  are  in  CaL.  on  Telescope  Peak  in  the 
Panamint  Rsbige,  in  Kern  County  and  in  the  eastern  part  of  San  Benito  County.  Nev. 
has  several  deposits,  mostly  in  the  northwest  section. 

Use.  —  The  most  important  ore  of  antimony. 

'  Metastibnite.  —  An  Amorphous  brick-red  deposit  of  antimony  trisulphide,  SbtSt, 
occurring  with  cinnabar  and  arsenic  sulphide  upon  siliceous  sinter  at  Steamboat  Springs, 
Washoe  Co.,  Nev. 

BISMXJTHIiaTE.    Bismuth  Glance. 

Orthorhombic.  Rarely  in  acicular  crystals,  mm'",  110  A  110  =  88^8'. 
Usually  massive,  foliated  or  fibrous. 

Cleavage:  6(010)  perfect.  Somewhat  sectile.  H.  =  2.  G.  =  6-4r-6-5. 
Luster  metallic.  Streak  and  color  lead-gray,  inclining  to  tin-white,  with  a 
yellowish  or  iridescent  tarnish.    Opaque. 

Comp.. —  Bismuth  trisulphide,  Bi2S8  =  Sulphur  18*8,  bismuth  81*2  = 
100.     Sometimes  contains  a  little  copper  and  iron. 

Ptt*!  etc.  —  Fusibility  —  \.  In  the  open  tube  sulphurous  fumes,  and  a  white  sublimate 
which  B.B.  fuses  into  drops,  brown  while  hot  and  opaque  yellow  on  cooline.  On  char- 
coal at  first  gives  sulphurous  fumes;  then  fuses  with  spirtm^,  and  coats  the  coal  with 
yellow  bismuth  oxide;  with  potassium  iodide  and  sulpnur  gives  a  veUow  to  bright  red 
coating  of  bismuth  iodide.  Dissolves  readily  in  hot  mtric  acid,  and  a  white  precipitate 
of  a  basic  salt  falls  on  diluting  with  water. 

Artif.  —  Bismuthinite  has  been  produced  artificially  by  treating  the  volatilized  chlo- 
ride of  bismuth  with  hydrogen  sulphide;  in  crystals  by  heatmg  bismuth  sulphide  in  a  sealed 
tube  with  an  alkaline  sulphide. 

Micro.  —  In  polishea  section  shows  white  color  like  galena  with  a  smooth  siurf ace, 
with  HNOs  blackens,  leaving  a  rough  surface;  with  aqua  regia  slowly  turns  brown. 

Obs.  —  Found  in  Cornwall,  England,  at  Carrock  Fells,  Redruth,  etc. ;  in  France  at 
Meymac,  Corr^ze;  in  Saxony  at  Schneeberg  and  Altenberg;  in  Hesse  at  Bieber:  in  Hun- 
gary at  R^zb&nya  and  Oravicza;  in  Sweden  atRiddarhyttan;  in  Bolivia  at  San  Baldamero 
near  Sovata  and  in  the  Chorolque  and  Tazna  districts.  Occurs  in  the  United  States  in  Beaver 
Co.,  Utah;  in  Rowan  and  Jackson  Cos.,  N.  C;  at  Wicks,  Jefferson  Co.,  Mon.;  Delaware 
Co.,  Pa.;  Haddam,  Conn. 

Use.  —  An  ore  of  bismuth. 

Ouanajuatite.  Frenzelite.  Bismuth  selenide,  BisSei.  sometimes  with  a  small  amount 
of  sulphur  replacing  selenium.  In  acicular  crystals;  also  massive,  granular,  foliated  or 
fibrous.     Cleavage:   6(010)   distinct.     H.  =  2-6-3*5.     G.  «  6*26-6-62.    Luster  metallic. 
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Color  bluish  gray.    From  the  Santa  Catarina  mine,  near  Guanajuato,  Mexico.    Noted 
from  Salmon,  Idaho. 


TETRADYMITE. 

Rhombohedral.  Crystals  small,  indistinct.  Commonly  in  bladed  fonns 
foliated  to  granular  massive. 

Cleavage:  basal,  perfect.  Lamiiue  flexible;  not  very  sectile.  H.  =  1*5-2; 
soils  paper.    G.  =  7*2-7 'd.     Luster  metallic,  splendent.    Color  pale  sfteel-gray. 

Comp.  —  Consists  of  bismuth  and  tellurium,  with  sometimes  sulphur 
and  a  trace  of  selenium;  the  analyses  for  the  most  part  afford  the  general 
formula  Bi2(Te,  8)3. 

Var.  —  1.  Free  from  sulphur.  BisTet  =  Tellurium  48' 1,  bismuth  51*9.  G.  =  7*642 
from  Dahlonega.  Var.  2.  Svlphwows.  2Bi3Tei .  BisSi  »  Tellurium  36*4,  sulphur  4-6, 
bismuth  50*0  =  100.  This  is  the  more  common  variety  and  includes  the  tetradymite  in 
crystals  from  Schubkau. 

Pvr.  —  In  the  open  tube  a  white  sublimate  of  telliuium  dioxide,  which  B.B.  fuses  to 
colorless  drops.  On  charcoal  fuses,  gives  white  fumes,  and  entirely  volatilizes:  tins^  the 
R.F.  bluish  green;  coats  the  coal  at  first  white  (TeOs),  and  finally  orange-ydlow  (BijOi); 
some  varieties  give  sulphurous  and  selenous  odors. 

Obs.  —  Occurs  in  Hungary  at  Schubkau  near  Schemnitz  at  R6zbdnya  and  Orawitza; 
at  Carrock  FeUs,  Cumberland,  England.  Occurs  on  Liddell  Creek,  Kaslo  river,  West 
Kootenay,  British  Columbia.  In  the  United  States,  in  Va.,  at  the  miitehall  gold  mines. 
Spottsylvania  Co.;  in  Davidson  Co..  N.  C,  and  in  the  gold  washings  of  Burke  ana 
McDowell  counties,  etc.;  near  Dahlonega,  Ga.;  in  Mon.  At  the  Montgomery  mine 
and  near  Bradshaw,  Ariz.  Named  from  Terp'Sv/tot,  fovrfald,  in  allusion  to  complex  twin 
crystals  sometimes  observed. 

GrtUilingite.  —  Bi4TeSi.  Massive.  One  distinct  cleavage.  Color,  gray.  G.  «  7*321. 
From  Cumberland,  £nglfluid.  OruetUe  is  a  similar  mineral,  Bi«TeS4,  from  Serrania  de 
Ronda,  Spain. 

JosSite.  — A  bismuth  telluride  (Te  80  p.  c,  also  S  and  Se).  G.  «  7*9.  San  Jos6, 
Brazil. 

Wehrlite.  —  A  foliated  bismuth  telluride  (Te  30  p.  c.)  of  doubtful  formula.  G.  »  8'4. 
Deutsch-Pilsen,  Himgary. 

MOLTBDEIHTB. 

Crystals  hexagonal  in  form,  tabular,  or  short  prisms  slightly  tapering  and 
horizontally  striated.  Commonly  foliated,  massive  or  in  scales;  also  fine 
granular. 

Cleavage:  basal  eminent.  Laminse  very  flexible,  but  not  elastic.  Sectile. 
H.  =  1-1-5.  G.  =  4 -7-4 -8.  Luster  metallic.  Color  pure  lead-gray;  a 
bluish  gray  trace  on  paper.    Opaque.    Feel  greasy. 

Comp.  —  Molybdenum  disulphide,  MoSj  =  Sulphur  40*0,  molybdeniun 
600  =  100. 

Pyr..  etc.  —  In  the  open  tube  sulphurous  fumes  and  a  pale  yellow  crystalline  sublimate 
of  molybdenum  trioxide  (MoOs).  B.B.  in  the  forceps  infusible,  imparts  a  yellowish  green 
color  to  the  flame;  on  charcoal  the  pulverised  minend  gives  in  O.F.  a  strong  odor  of  sul- 
phur dioxide  and  coats  the  coal  with  crystals  of  molybdic  oxide,  yellow  while  hot,  white  on 
cooling;  near  the  assay  the  coating  is  copper-red,  and  if  the  white  coating  be  touched  with 
an  intermittent  R.F.,  it  assumes  a  beautiful  azure-blue  color.  Decomposed  by  nitric  acid, 
leaving  a  white  or  grayish  residue. 

Din.  —  Much  resembles  graphite  in  softness  and  structure  (see  p.  347),  but  has  a  bluer 
trace  on  paper  and  readily  yields  sulphur  fumes  on  charcoal. 

Artif .  —  Molybdenite  has  been  made  artificially  by  adding  molybdic  oxide  to  a  fused 
mixture  of  potassium  carbonate  and  sulphur;  also  by  heating  a  mixture  of  molybdates  and 
lime  in  an  atmosphere  of  hydrochloric  acid  and  hydrogen  sulphide. 

Micro.  —  In  polished  section  shows  grayish  white  color  with  smooth  surface.  Un- 
affected by  reagents. 
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Obs.  —  Generally  occurs  embedded  in,  or  disseminated  through,  granite,  gneiss,  siroon- 
Byenite,  granular  limestone,  and  other  crystalline  rocks.  At  Aiendal  and  Laurvik  in 
Norway:  Altenberg,  Saxony;  Zinnwald  and  Schla^nwald,  Bohemia;  near  Miask,  Ural 
Mts.;  Ohessy  in  Fruicej  in  Italy,  on  island  of  Sardmia;  Carrock  Fells,  in  Cumberland;  at 
several  of  the  Cornish  mmes.    In  large  crystals  at  Kingsgate,  Glen  Innes,  N.  S.  W. 

In  Me.  at  Blue  Hill  Bay;  in  Conn.,  at  Haddam,  in  gneiss;  in  Ver.,  at  Newport;  in 
N.  H.,  at  Westmoreland:  in  N.  Y.,  two  miles  southeast  of  Warwick:  in  N.  J^at  fruiklin; 
in  Pa.,  in  Chester,  near  Heading  and  at  Frankford;  near  Concord,  Cabarrus  Co.,  N.  C.;  in 
quartz  vein  at  Crown  Point,  Wash.  Molybdenite  has  been  mined  in  various  places  in 
Ariz.,  Col.,  Nev.,  Mon.,  Tex.,  Utah.  etc.  In  Canada,  at  St.  J^rdme,  Quebec;  in  wge  crys- 
tals in  Renfrew  county,  Ontario;  also  in  Aldfield  township,  Pontiac  Co.,  Quebec. 

Named  from  /ioXv/S&M,  lead;  the  name,  first  given  to  some  substances  containing  lead, 
later  included  graphite  and  molvbdenite,  and  even  some  compounds  of  antimony.  The 
distinction  between  graphite  andl  molvbdenite  was  established  oy  Sc^eele  in  1778-79. 

Use.  —  An  important  ore  of  molybdenum. 

Tunfstenite.  —  Probably  WSs.  Ektrthy  or  foliated.  Color  and  streak,  dark  lead- 
gray.    H.  »  2*5.    G.  »  7*4.    Found  at  Einma  mine.  Salt  Lake  Co.,  Utah. 

Patronite.  Rizopatronite.  —  Complex  composition,  containing  large  amounts  of  a 
vanadium  sulphide,  perhaps  VS4.  Amorphous.  Color  black.  Occurs  in  a  complex  mix- 
ture of  mineral  substances  among  which  are  quisqueUe  and  bravoiUf  at  Minasragra,  Peru. 


n.  Sulphides,  Selenides,  Tellurides,  Arsenides,  Antimonides  of  the 

Metals 

The  sulphides  of  this  second  section  fall  into  foiu:  divisions  depending 
upon  the  proportion  of  the  negative  element  present.  These  divisions  with 
the  groups  belonging  to  them  are  as  follows: 


A.  Basic  Division 


n 


B.  Monosulphides,  Monotellurides,  etc.,  R|S,  RS,  etc. 

1.  Galena  Group.    Isometric-normal. 

2.  Chalcocite  Group.    Orthorhombic. 

3.  Sphalerite  Group.    Isometric-tetrahedral. 

4.  Cinnabar — Wurtsite  —  Millerite  Group.    Hexagonal  and  rhombo- 

hedral. 

C.  Intermediate  Division 

Embraces  Melonite,  Te2S8;  Bomite,  SCujS.FejSa;  Linnseite,  CoS.CosSf ; 
Chalcopyrite,  Cu2S.Fe^8;  etc. 

[D.  DisulphideSy  Diarsenides,  etc.,  RSs,  RAst,  etc. 

1.  Pyrite  Group.    Isometric-pyritohedral. 

2.  Marcasite  Group.    Orthorhombic. 


A.  Basic  Division 


The  basic  division  embraces  several  rare  basic  compounds  of  silver,  copper 
or  nickel  chiefly  with  antimony  and  arsenic.  Of  these  the  crystallization  of 
dyscrasite  and  maucherite  only  is  known. 

DTSCRASrrS. 

Orthorhombic.  Axeso  :  5  :  c  =  0*5775  :  1  :  0'6718.  Crystals  rare,  pseu- 
dohexagonal  in  angles  (mm'",  110  A  110  =  60**  1')  and  by  twinning.  Also 
massive.    Fracture  uneven.    Sectile.    H.  =  3*5-4.    G.  =  9'44-9'85.    Luster 
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metallic.    Color  and  streak  silver-white,  inclining  to  tin-white;   sometimes 
tarnished  yellow  or  blackish.     Opaque. 

Comp.  —  A  silver  antimonide,  including  AgtSb  ~  Antimony  27' 1,  silver 
72*9  =  100,andAg6Sb  =  Antimony  15*7,  silver  84-3  =  100,  and  perhaps  other 
compounds. 

Analyses  vary  widely,  some  conforming  also  to  A^Sb,  Ag«(Sb,As)s,  etc.  By  some 
authors  classed  with  chaloocite. 

Pyr.,  etc.  B.B.  on  charcoal  fuses  (1*5)  to  a  globule,  coating  the  coal  with  white  anti- 
mony tiioxide  and  finally  giving  a  globule  of  almost  pure  silver.  Soluble  in  nitric  acid, 
leavmg  antimony  trioxide. 

Obs.  —  Occurs  near  Wolfach,  Baden;  Andreasberg  in  the  Harz  Mts.,  Germany;  Alle- 
mont,  France.  Noted  at  Cobalt,  Ontario,  Canada.  Abo  from  Mexico  add  Chile.  Named 
from  dwTKpaaiSj  a  bad  alloy. 

HDNnuTB,  Animxettb.  The  ores  from  Silver  Islet,  Lake  Superior,  apparently  contain 
a  silver  arsenide  {kimtilUe,  AgsAs?)  and  perhaps  also  a  '^ilver  antimonide  (animikUef  AgfSb?), 
the  latter  probably  a  mixture. 

Horsfordite.  A  silver-white,  massive  copper  antimonide,  probably  Cu«Sb  (Sb  24  p.  c). 
G.  »  8*8.    Asia  Minor,  near  Mytilene. 

Domeykite.  —  Copper  arsenide,  Cu»As.  Renif  orm  and  botryoidal ;  also  massive,  dissem- 
inated. G.  ^  7'2-7*75.  Luster  metallic.  Color  tin-white  to  steel-gpray,  readily  tarnished. 
From  several  Chilian  mines;  also  Zwickau,  Saxony.  In  North  America,  with  nicoolite 
at  Michipicoten  Island.  Lake  Superior.  Microscopic  examination  shows  this  mineral  to  be 
an  intimate  mixture  of  two  unknown  constituents.    Usually  identical  with  algodonite. 

Mohawkite.  —  Like  dom^kite.  Cu»As,  with  Ni  and  Co.  Massive,  fine  granular  to 
compact.  Color  gray  with  faint  yellow  tinge;  tarnishes  to  dull  purple.  H.  =  3'5.  Brittle. 
G.  »  8*07.  Microscopic  examination,  shows  it  to  be  a  mixture.  From  Mohawk  mine, 
Keweenaw  Co.,  Mich.  Ledouxite  from  the  Mohawk  min^said  to  be  Cu^As  has  been  shown 
to  be  a  mixture. 

Algodonite.  Copper  arsenide,  Cu«As  (As  16'5  p.  c.) ;  G.  =  762.  Resembles  domey- 
kite. From  Chile;  also  Lake  Superior.  Microscopic  examination  shows  this  mineral  to  be 
a  mixture  of  two  constituents. 

Whitneyite.  Copper  arsenide,  CujAs  (As  11  6  p.  c).  G.  =»  8-4-8-6.  Color  pale  red- 
dish white.    From  Houghton  Co.,  Mich.;  Sonora,  Lower  California. 

Chilenite.    Perhaps  AgsBi.    Copiapo,  Chile. 

CoaNEBTTB.  Copper,  silver  sulphide,  CuiAgS.  Massive.  Color  sUver-fpty,  tanush- 
ing  black,  H  =  2*5.     G.  -  6'1.    From  Cocinera  mine,  Ramos,  San  Luis  Potosi,  Mexico. 

Sttitzite.    A  rare  silver  t^Uuride  (AgiTe?).    Probably  from  Nagydg,  Transylvania. 

Rickardite.  Cu4Tea.  Massive.  H.  «  3*5.  G.  =  7*5.  Color  deep  purple,  dulling  on 
exposure.     Fusible.     Found  at  Vulcan,  Col. 

Maucherite.  Ni«Ass.  Tetragonal.  Habit,  square  tabular.  H.  =5.  G.  =  783.  Color 
reddish  silver-white  tarnishing  to  gray  copper-red.  Streak  blackish  ^y.  Easily  fusible. 
From  Eisleben,  Thuringia.    The  mmace  product,  placodine,  is  identical  with  numcheriie. 


#  I  u 

B.  Monosulphidesy  Monotellurides,  etc.,  RsS,  RS,  etc. 

1.   Galena  Group.     Isometric. 

Galena                                  PbS  Argentite  AgsS 

Also,  (Pb,Cu2)S,  (Cu2,Pb)S  Jalpaite  (Ag,Cu),S 

Altaite                             PbTe  Hessite  AgsTe 

Clausthalite                     PbSe  Aguilarite  Ag2Se 
Naumannite               (Ag2,Pb)Se 

The  following,  known  only  in  massive  form,  probably  also  belong  here: 
Berzelianite  Cu2Se  Zorgite  (PbjCuj,Ag2)Se? 

Lehrbachite  (Pb,Hg2)Se       •    Crookesite       (Cu,Tl,Ag)^ 

Eucairite  Cu2Se.Ag2Se 
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The  Galena  Group  embraces  a  number  of  monosulphides,  etc.,  of  the 
related  metals,  silver,  copper,  lead,  and  mercury.  These  crystallize  in  the 
normal  class  of  the  isometric  system,  and  several  show  perfect  cubic  cleavage. 
These  characters  are  most  distinctly  exhibited  in  the  t3rpe  species,  galena. 

GALENA.    Galbnitb.    Lead  glance. 

Isometric.  Commonly  in  cubes,  or  cubo-octahedrons,  less  often  octa- 
hedral. Also  in  skeleton  crystals,  reticulated,  tabular.  Twins:  tw.  pi. 
o(lll),  both  contact-  and  penetration-twins  (Figs.  401, 404,  p.  165),  sometimes 
repeated;  twin  crystals  often  tabular  ||  o.  Also  other  tw.  planes  giving  poly- 
synthetic  tw.  lamellse.  Massive  cleavable,  coarse  or  fine  granular,  to  impal- 
pable; occasionally  fibrous  or  plumose. 
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Cleavage:  cubic,  highly  perfect;  less  often  octahedral.  Fracture  flat  sub- 
conchoidal  or  even.  H.  =  2-5-2-75.  G.  =  7*4-7 'd.  Luster  metallic.  Color 
and  streak  pure  lead-gray.    Opaque. 

Comp.  —  Lead  sulphide,  PbS  =  Sulphur  134,  lead  86*6  =  100.  Often 
contains  silver,  and  occasionally  selenium,  zinc,  cadmium,  antimony,  bismuth, 
copper,  as  sulphides;  besides,  also,  sometimes  nati\^  silver  and  gold. 

Var.  —  L  Ordinary,  (a)  Crystallized;  (h)  somewhat  fibrous  and  plumose;  (c)  cleav- 
able, granular  coarse  or  fine;  (d)  crypto-crystalline.  The  variety  with  octahedral  cleava^^ 
is  rare;  in  it  the  usual  cubic  cleavage  is  obtained  readily  after  heating  to  200®  or  300*^;  the 
peculiar  cleavage  may  be  connected  with  the  bismuth  usually  present.  One  variety  showing 
octfdiedral  cleavage  contained  a  small  amount  of  telliuium. 

2.  ArgerUifiBTous.  All  galena  is  more  or  less  argentiferous,  and  no  external  characters 
serve  to  cUstinguish  the  kinds  that  are  much  so  from  those  that  are  not.  The  silver  is 
detected  by  cupellation,  and  may  amount  from  a  few  thousandths  of  one  per  cent  to  one 
per  cent  or  more;  when  mined  for  silver  it  ranks  as  a  siher  are. 

3.  Containing  arsenic,  or  antimony ,  or  a  compound  of  these  metals,  as  impurity.  Here 
belong  bleischwe^  fiom  Claustal,  HarzMts.,  with  0*22  Sb,  and  steinmannite  from  rribram, 
Bohemia,  with  both  arsenic  and  antimony. 

Pyr.  —  In  the  open  tube  gives  sulphurous  fumes.  B.B.  on  charcoal  fuses,  emits  sul- 
phurous fumes,  coats  the  coal  yellow  near  the  assay  (PbO)  and  white  with  a  bluish  border 
at  a  distance  (rbSOi,  chiefl}^),  and  yields  a  globule  of  metallic  lead.  Decomposed  by  strong 
nitric  acid  with  the  separation  of  some  sulphur  and  the  formation  of  lead  sulphate. 

DifF.  —  Distinguished,  except  in  very  nne  granular  varieties,  by  its  cubic  cleavage;  the 
color  and  the  high  specific  gravity  are  characteristic;  also  the  blowpipe  reactions. 

Micro.  —  In  pobshed  section  shows  white  color  with  smooth  surface  usually  showing 
triangular  pits.     With  HNOs  blackens;  with  FeCU  becomes  bright,  iridescent. 

Artif.  —  Crystallised  galena  has  been  formed  in  numerous  ways.  In  nature  it  is  appar- 
ently commonly  formed  by  hydrochemical  reactions  perhaps  similar  to  the  following  labora- 
tory methods:  salena  was  produced  by  allowing  a  mixture  of  lead  chloride,  sodium  bicar- 
bonate and  a  solution  of  hydrogen  sulphide  to  remain  in  a  sealed  tube  for  several  months. 
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Pyrite  or  marcasite  heated  with  a  solution  of  lead  chloride  will  produce  galena;  a  solution  of 
lead  nitrate  when  heated  with  ammonium  sulphydrate  will  yield  galena.  Galena  is  fre- 
quently observed  in  furnace  slags. 

Obs.  —  One  of  the  most  widely  distributed  of  the  metallic  sulphides.  Occurs  in  beds 
and  veinSj  both  in  crystalline  lEUid  unciystalline  rocks.  Very  commonly  found  together  with 
zinc  ores  m  connection  with  limestone  rocks.  It  is  often  associated  with  pyrite,  marcasite, 
sphalerite,  chalcopyrite,  arsenopyrite,  etc..  in  a  gangue  of  quartz,  calcite,  oarite  or  fluorite, 
etc.;  also  with  cerussite,  anglesite,  and  other  salts  of  lead,  which  are  frequent  results  of  its 
alteration.    It  is  also  conmion  with  gold,  and  in  veins  of  silver  ores. 

A  few  of  the  notable  locaUties  at  whicn  galena  has  been  found  are  as  follows: 

At  Freibtfg  in  Saxony  in  veins  in  gneiss;  at  Claustal  and  Neudorf,  etc.,  in  the  Harz  Mts., 
and  at  FHbram  in  Bohemia,  it  forms  veins  in  clay  slate;  similarly  in  Styria;  in  limestone 
at  Bleiberg,  Carinthia;  in  Silesia,  Prussia;  at  Gonderbach  near  Laasphe,  Westphalia;  at 
Schenmitz.  Kapnikj  etc.,  Hungary;  Joachimstal,  Bohemia;  at  Poullaouen  and  Huelgoet, 
Brittany,  France;  m  Moresnet  district  in  Belgium;  in  province  of  Cagliari,  Sardinia;  in 
Spain,  in  granite  at  Linares,  also  in  Catalonia,  Grenada,  and  elsewhere;  in  veins  through  the 
graywacke  of  Leadhill,  Scotland,  and  the  contact  homstones  of  Cornwall;  filling  cavities  in 
the  limestone  of  Derbyshire^  Cumberland,  and  the  northern  districts  of  £ngland,  associated 
with  calcite,  dolomite,  fluonte,  barite,  witherite,  calamine  and  sphalerite;  in  many  places  in 
Australia,  Chile,  Bolivia,  Peru,  etc. 

Extensive  deposits  of  this  ore  in  the  United  States  exist  in  Missouri,  Illinois,  Iowa, 
and  Wisconsin.  The  ore  occurs  usually  filling  cavities  or  chambers^n  stratified  limestone, 
of  different  periods,  from  Silurian  to  Carboniferous.  It  is  associated  with  sphalerite,  smith- 
sonite,  calcite,  pyrite,  etc.  The  Missouri  mines  are  situated  in  three  districts  in  the  southern 
part  of  the  state,  (1)  Southeastern,  chiefly  in  St.  Francis,  Washington  and  Madison  counties, 
^2)  Central,  (3)  Southwestern  or  Joplin*  district,  the  latter  producing  chiefly  zinc.  Other 
aistricts  in  the  upper  Mississippi  Valley  are  found  in  southwestern  Wis.,  eastern  Iowa  and 
northwestern  111.  Also  occims  m  N.  Y..  at  Rossie,  St.  Lawrence  Co.,  in  crystals  with  calcite 
and  chalcopyrite;  in  Pa.,  at  Phcenixville  and  elsewhere.  In  Col.,  at  Leadville  and  Aspen, 
there  are  productive  mines  of  argentiferous  galena,  also  at  Georp;etown.  the  San  Juan  dis- 
trict and  elsewhere.  Mined  for  silver  in  the  Caur  d'Alene  region  in  Idaho;  at  the  Park 
Citv  and  Tintic  districts  in  Utah. 

The  name  galena  is  from  the  Latin  galena  (ydkriPti),  a  name  'given  to  lead  ore  or  the 
dross  from  melted  lead. 

Use.  —  The  most  important  ore  of  lead  and  frequently  a  valuable  ore  of  silver. 

CuPROPLUiiBiTE.  A  massive  mineral,  from  Chile,  varying  in  characters  from  galena  to 
those  of  chalcocite  and  covellite;  composition.  CuaS.2PbS(?).  Material  classed  here  from 
Butte.  Mon.,  gave  formula,  5CusS.PdS.  AlisonUe  is  massive,  deep  indigo-blue  quickly 
tanusning;  corresponds  to  3(^2S.PbS.  From  Mina  Grande,  Chile.  Whether  these  and 
similar  minerals  represent  definite  homogeneous  compoimds.  or  only  ill-defined  alteration- 
products,  is  uncertain,  and  if  so  it  is  not  clear  whether  they  snould  be  classed  with  isometric 
galena  or  with  orthornombic  chalcocite. 

Altaite.  Lead  telluride,  PbTe.  Rarely  in  cubic  or  octahedral  crystals,  usuaU^r  massive 
with  cubic  cleavage.  G.  »  8*16.  Color  tin-white,  with  yellowish  tinge  tarnishing  to 
bronze-^rellow.  From  the  Alt.ai  Mts.,  with  hessite;  Coquimbo,  Chile;  Cal.,  Col.,  Bntish 
Columbia.  i 

Clausthalite.  Lead  selenide,  PbSe.  Commonly  in  fine  granular  masses  resembling 
raiena.  Cleavase:  cubic.  G.  »  7*6-8*8.  Color  lead-gray,  somewhat  bluish.  From 
Claustal,  Harz  Mts.,  Germany;  Cacheuta  mine,  Mendoza  River,  Argentina.  TilkerodiU 
is  a  cobaltiferous  variety. 

Naumannite.  —  Silver-lead  telluride  (Agi,Pb)Se.  In  cubic  crystals;  also  massive, 
mmular.  in  thin  plates.  Cleavass:  cubic.  G.  »  8*0.  Color  and  streak  iron-black. 
From  Tilkerode  in  the  Harz  Mts  ,  Germany. 

ARGENTTTE.    Silver  Glance. 

Isometric.  Crystals  often  octahedral,  also  cubic;  often  distorted,  fre- 
quently grouped  in  reticulated  or  arborescent  forms;  also  filiform.  Massive; 
embedded;  as  a  coating. 

Cleavage:  a(lOO),  d(110)  in  traces.  Fracture  small  subconchoidal.  Per- 
fectly sectile.  H.  =  2-2-5.  G.  =  7-20-7-36.  Luster  metallic.  Color  and 
streak  blackish  lead-gray;  streak  shining.    Opaque. 

Comp.  —  Silver  sulphide,  Ag2S  =  Sulphur  12-9,  silver  871  =  100. 
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Pyr.,  etc.  In  the  open  tube  gives  off  sulphurous  fumes.  B.B.  on  charcoal  fuses  with 
intumescence  in  O.F.^  emitting  sulphurous  fumes,  and  yieidin^  a  globule  of  silver. 

Diff.  —  Distinguished  from  other  sulphides  by  being  readily  cut  with  a  knife;  also  by 
yielding  metallic  silver  on  charcoal. 

Micro.  —  In  polished  section  shows  grayish  white  color  with  a  smooth  surface  which  is 
easily  scratched.  Turns  brown  with  HNOajKCN  and  FeCl»;  with  cone.  HCl  tarnished 
iridescent  by  fumes  and  blackened  by  acid. 

Artif.  —  Argentite  is  very  easily  prepared  artificially  and  in  numerous  ways.  Sulphur, 
sulphur  dioxide  or  hydrogen  sulphicie  will  act  upon  metalhc  silver  or  any  of  its  common 
compounds,  either  in  solution  or  as  soUds,  ta  produce  silver  sulphide. 

Obs.  —  Found  at  Freiberg,  etc..  Saxony;  Andreasberg,  Harz  Mts.,  Germany;  Schemnitz, 
Hungary:  Joachimstal,  Bohemia;  Kongsberg,  Norway:  Sardinia.  In  South  America  at  sil- 
ver mines  in  Chile,  Peru  and  Bolivia.  In  Mexico  in  tne  states  of  Chihuahua,  Guanajuato, 
etc.  Important  ore  at  Comstock  Lode^  Tonapah,  etc.,  Nev.;  Aspen,  Leadville,  etc.  Col. 
Found  at  Port  Arthur  on  north  shore  of  Lake  Superior. 

Use.  —  An  important  ore  of  silver. 

J  ALP  AITS  is  a  cupriferous  argentite  from  Jalpa,  Mexico. 

Hessite.  —  Silver  telluride,  AgsTe.  Isometric.  Usually  massive,  compact  or  fine- 
grained. Cleavage  indistinct.  Somewhat  sectile.  H.  «  2-5-3.  G.  =  8 '31-8 '45.  Color 
between  lead-^ay  and  steel-gray.  From  the  Altai  Mts.;  at  Nagydg,  B6tes  and  R6zbdnya 
in  Transvlvania;  Chile  near  Arqueros,  Coquimbo.  In  Mexico  at  San  Sebastian,  Jalisco. 
In  the  United  States,  Calaveras  Co.,  Cal.;  Boulder  Co.,  Col.;  Utah.  This  species  also 
often  contains  gold  and  thus  graduates  toward  petzite. 

Petzite.  —  (Ag,Au)2Te  with  Ag  :  Au  »  3  :  1.  Massive;  granular  to  compact.  Sliehtly 
sectile  to  brittle.  H.  =2*5-3.  G.  =  8*7-9'02.  Colorsteel-gray  to  iron-black:  tarnishing. 
FVom  Nagydg,  Transvlvania;  Kalgoorlie,  West  Australia;  Yeue  District,  British  Columbia; 
Col.;  Poverty  Hill,  Tuolumne  Co.,  and  elsewhere,  Cal. 

Aguilarite.  Silver  selenide,  AssS  and  Agt(S,Se).  In  skeleton  dodecahedral  crystals. 
Sectile.    G.  =  7*586.    Color  iron-black.     From  Guanajuato,  Mexico. 

BerzeUanite.  Copper  selenide,  CujSe.  In  thin  dendritic  crusts  and  disseminated. 
G.  —  6*71.  Color  silver-white,  tarnishing.  From  Skrikerum,  Sweden;  Lehrbach,  in  the 
Harz  Mts.,  Germany. 

Lehrbachite.  Selenide  of  lead  amd  mercury,  PbSe  with  HgSe.  Massive,  granular. 
G.  »  7*8.    Color  lead-gray  to  iron-black.     From  I^ehrbach,  in  the  Harz  Mts.,  Germany. 

Eucairite.  CusSe.AgsSe.  Massive,  granular.  G.  =  7-50.  Color  between  silver- 
white  and  lead-gray.    !^m  the  Skirkerum  copper  mine,  Sweden;  also  Chile. 

Zorgite.  —  Selenide  of  lead  and  copper  in  varying  amounts.  Perhaps  a  mixture.  Mas- 
sive, granular.  G.  »  7-7*5.  Color  dark  or  light  lead-gray.  From  the  Harz  Mts.,  Germany; 
Cacheuta,  Argentina. 

Crookesite.  Selenide  of  copper  and  thallium,  also  silver  (1-5  p.  c),  (Cu,Tl,Ag)|Se. 
Massive,  compact.  G.  »  6*9.  Luster  metallic.  Color  lead-gray.  From  the  mine  of 
Skirkerum,  Sweden. 

Umaimte.  CuSe.CuiSe.  Massive,  fine-granular  to  compact.  H.  »  3.  G.  »  5-620. 
Color  dark  cherry-red.    From  La  Rioja,  Argentina. 


2.    Chalcocite 

Group 

/• 

Chalcocite 

Stromeyerite 

Stembergite 

Frieseite 
Acanthite 

CuaS 
AgaS.CujS 

Ag2S.Fe4SB 
AfoS 

0-5822  :  1 
0-5822  :  1 
0-5832  :  1 
0-5970  :  1 
0-6886  :  1 

:  0-9701 
:  0.9668 
:  0.8391 
:  0-7352 
:  0-9944 

The  species  of  the  Chalcocite  Group  crystallize  in  the  orthorhombic 
system  with  a  prismatic  angle  approximating  to  60°;  they  are  hence  pseudo- 
hexagonal  in  form,  especially  when  twinned.  The  group  is  parallel  to  the 
Galena  Group,  since  CU2S  appears  in  isometric  form  in  cuproplumbite  and  Ag2S 
also  in  argentite.    Some  authors  include  dyscrasite  here  (see  p.  361). 
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CHALCOCITE;    Copper  Glance.    Redruthite. 
Orthorhombic.     Axes  a  ib  ic  =  05822  :  1  :  0-9701. 
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Cryatals  pseudo-hex^onal  in  an^e,  also  by  twinning  (tw.  pi.  m(llO)). 
Often  massive,  structure  granular  to  compact  and  impalpable. 

Cleavage:  m(llO)  indistinct;  etching  of  orientated  crystals  develops  cleav- 
^es  parallel  to  the  three  pinacoids.  Fracture  conchoidal.  Rather  sectQe. 
H.  =  2'5-3.  G.  =  5'5-58.  Luster  metallic.  Color  and  streak  blackish 
lead-gray,  often  tarnished  blue  or  green,  dull.     Opaque. 

Comp.  —  Cuprous  sulphide,  CujS  =  Sulphur  20-2,  copper  79'8  =  100. 
Sometimes  iron  in  small  amount  is  present,  alsobsilver. 

Ptt.,  etc  —  In  the  open  tube  siveB  BulpburouB  fumes.  B.B,  qd  charcoal  mdtB  to  a 
dobme,  which  boils  with  gpirting;  tne  fine  powder  rtiaated  at  a  low  temperature  on  charooal, 
then  heated  in  R.F   yields  a  ^obule  of  metallic  copper.    Soluble  in'nitric  acid. 

DUf.  —  Reaemblea  argsntite  biit  much  more  brittle;  bomite  has  a  difFerent  color  oa 
the  fresh  fracture  and  becomes  magnetic  B.B. 

Micro.  —  In  poliahed  section  shows  payish  or  bluish  white  » 
With  HNOi  eftervescea  and  etches,  turning  more  or  I —  "-'■—  — ' 
tions;  with  KCN  blackens  and  etches. 

Artif.  —  Chalcocite  has  been  prepared  artificiallv  by  heating  the  vapors  of  cuprous 
chloride  and  hydrogen  sulphide  or  oy  the  treatment  of  cupric  oxide  with  hydrogen  sulphide; 
also  by  the  heating  of  cupric  solutions  with  ammonium  sulphocyanate  in  a  sealed  tube.    , 

On.  —  Chalcocite  is  an  important  ore  of  copper.  It  is  usually  secondary  in  its  ori^n, 
being  found  in  the  upper,  eniichedportionsof  copper  veins.  It  is  commonly  Eissociated  with 
dialcopyrite,  bomite,  pyrite,  cupnte,  malachite,  aiurite,  etc. 

Cornwall  affords  splendid  crystala,  eepeciailv  the  districts  of  Saint  Just,  Camborne,  and 
Redruth  (r«drt4iAtte).  Occurs  at  Joachimstal,  "feohemia;  Tellemarken,  Norway;  compact 
and  massive  varieties  ja  Siberia;  Saxony;  Mte.  Catini  mines  in  Tuscany;  Mexico;  South 
America. 

In  the  United  States,  Bristol,  Conn.,  has  afforded  large  and  brilliant  crys^ts;  also  found 
at  Simsbury  and  Cheshire;  at  Schuyler's  mines,  "N.  J.;  in  Nev.,  in  Washoe,  Humboldt, 
Churchill  and  Nye  counties;  at  Clifton,  AriE,;  in  Mon.,  massive  at  Butte  in  great  amounts. 
Notable  deposit  at  Kennecott,  Copper  River  District,  Alaska.  Found  in  Cayda,  with 
chalcopyrite  and  bomite  at  the  Acton  mines  and  elsewhere  in  the  province  of  Quebec. 

Use,  —  An  important  ore  of  copper. 

Strameyerite.  {Ag,Cu),S,  or  Ag,S.Cu>S.  Rarely  in  orthorhombic  crystais,  often 
twinned.  Commonly  massive,  compact.  H.  =  2-5-3.  G.  =  6-15-fl*3.  Lust«r  metallic. 
Color  and  streak  dark  steel-gray.  From  the  ZmeinoKorak  mine,  Siberia;  Silesiai  also  Chile, 
Zacatecas,  Mexico;  Cobalt,  Ontario;  the  Heinteelman  mine  in  Arin.;  Col. 

Chalmersite.  CutS.Fe^Si.  Orthorhombic.  Axial  ratio  near  that  of  chalcoci(«.  In 
thin  elongated  prisms  vertically  striated.  Twins  coqmaon  with  m(llO)  as  tw.  pi.  resem- 
bling chalcocite.  H.  =  3-5.  G.  =  i'l.  Color  brass- to  bronie-yellow.  Strongly  mag- 
netic.   From  the  Morro  Velho  gold  mine,  Minas  Ger&es,  Braiil. 
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SmurBBRGITE 

Orthorhombic.  Crystals  tabular  [{  c(OOl).  Commonly  in  fan-like  aee'^ 
gatious;  twins,  tw.  pi.  m(llO).  Cleavage  :  c(OOl),  hi^y  perfect,  ^lin 
lamioffi  flexible,  like  tin-foil.  H.  =  1-1-5.  G.  =  4'215.  Luster  metallic. 
Color  pinchbeck-brown.     Streak  black.     Opaque. 

Comp.  —  AgFe^  or  AgiS.Fe^Si  =  Sulphur  30.4,  silver  34.2,  iron  35.4 
=  100. 

Obs.  —  Occurs  with  pyrargyrite  &nd  Bteph&nite  at  Joachimetol,  Bohemia,  and  Johann- 
georgeostadt,  Saxony. 

Friebeitb.  Near  atembergite.  In  thick  tabular  crystals.  H.  —  2-5;  G.  <>  4*22. 
Color  dark  gray.    Compositioa  AgiFeiSi-    Occurs  with  marcaaite  at  Joachimstal,  Bohemia. 

Acanthite.  Silver  sulphide,  Ag^,  like  argeutite.  la  slender  prisroatic  cryHtala  (or- 
thorhombic), Sectile.  G.  ^  7'2-7-3.  Color  iron-black.  Occurs  at  Joochimatal,  BohNoia; 
also  at  Freiberg  and  Schneeberg,  Saxony;  at  Rico,  Gol. 

It  has  been  suggested  that  acauthite  may  be  only  argentite  in  distorted  isometric  crys- 
tals. 

Sphaietite  Group.    RS.     Isometric-tetrahedral 

Sphalerite  ZnS  Ono&ite  Hg(S,Se) 

Hetadnnabflrite         HgS  AUbandite         MnS 

Guadalcazajite        (Hg,Zn)S  Coloradoite         HgTe        Massive 

Tiemannite  ii^e 

The  Sphalerite  Gkoop  embraces  a  number  of  sulphides,  selenides,  etc., 
of  zinc,  mercury,  and  manganese.  These  are  isometric-tetrabedral  in  crystal- 
lization. « 

SPHALERITE,  Zinc  Blende  or  Blende.    Black-Jack,  Mock-Lead,  False  Galena. 
Isometric-tetrahedral.     Often  in  tetrahedrons.     Twins  common:   tw.  pi. 


-  (311) 


o{lll);  twinning  often  repeated,  sometmies  as  polysyntbetic  lamellse.  Com- 
monly massive  cleavable,  coarse  to  fine  granular  and  compact;  also  foliated, 
sometimes  fibrous  and  radiated  or  plumose;  also  botryoidal  and  other  imita- 
tive shapes.  Cryptocrystalline  to  amorphous,  the  latter  sometimes  as  a 
powder. 

Cleavage:  dodecahedral,  highly  perfect.  Fracture  conchoidal.  Brittle. 
H.  =  3-5-4.  G.  =  3'9-41;  4063  white,  N.  J.  Luster  resinous  to  adaman- 
tine.. Color  commonly  yellow,  brown,  black;  also  red,  green  to  white,  and 
when  pure  neariy  colorless.  Streak  brownish  to  hght  yellow  and  white. 
Transparent  to  translucent.     Refractive  index  high:  n  =  23692. 

Comp.  —  Zinc  sulphide,  ZnS  =  Sulphur  33,  zinc  67  =  100.  Often  con- 
taining iron  and  manganese,  and  sometimes  cadmium,  mercury  and  rarely  lead 
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and  tin.    Also  sometimes  contains  traces  of  indium,  gallium  and  thallium; 
may  be  argentiferous  and  auriferous. 

Var.  —  1.  Ordinary.  Containing  little  or  no  iron:  &om  colorless  white  to  ydlowish 
brown,  sometimes  green;  G.  =  4*(V-4'1.  The  red  or  reddish  Ivown  transparent  crystallixec 
kinds  are  sometimes  called  ruby  blende  or  rul»y  zinc.  The  massive  cleavable  forms  are  the 
most  common,  varying  from  coarse  to  fine  granular;  also  cryptocrystalline.  SchalenbUnde 
is  a  closely  compact  variety,  of  a  pale  liver%rown  color,  in  concentric  layers  with  reniform 
surface;  galena  and  marcasite  are  oft^i  interstratified.  The  fibrous  forms  are  chiefly 
wurtzite.    A  soft  white  amorphous  form  of  zinc  sulphide  occurs  in  Cherokee  Co.,  Kan. 

2.  Ferriferous:  Marmaiite.  Containing  10  p.  c.  or  more  of  iron;  dark-brown  to  black; 
G.  »  3*^-4*05.  The  proportion  of  FcS  to  ZnS  varies  from  1  :  5  to  1  :  2,  and  the  last  ratio  is 
that  of  the  christophiie  ot  Breithaupt,  a  brilliant  Slack  sphalerite  from  St.  Christophe  mine, 
at  Breitenbrunn,  having;  G.  »  3-91-3*923. 

3.  Cadmiferous:  Pribramite^  PrzibramiU.  The  amount  of  cadmium  present  in  any 
sphalerite  thus  far  analysed  is  less  than  5  per  cent. 

Pyr.y  etc  —  Difficultly  fusible.  In  the  open  tube  sulphurous  fumes,  and  generally 
changes  color.  B.B.  on  charcoal,  in  R.F.,  gives  a  coating  of  smc  oxide,  whicm  is  yellow  while 
hot  and  white  after  cooling.  If  cadmium  is  present  a  reddish  brown  coating  of  cadmium 
oxide  will  form  first.  Wiw  cobalt  solution  tne  zinc  oxide  coating  gives  a  ^reen  color  when 
heated  in  O.F.  Most  varieties,  after  roasting,  give  with  borax  a  reaction  for  iron.  Dissolves 
in  hydrochloric  acid  with  evolution  of  hydrogen  sulphide. 

Diff.  —  Varies  widely  in  color  and  appearance,  but  distinguished  by  the  resinous  luster 
in  all  but  deep  black  varieties;  usually  exhibits  distinct  cleavage;  nearly  infusible  B.B.; 
yields  a  zinc  oxide  coating  on  charcoal. 

Micro.  —  In  polished  section  shows  a  graVcolor  with  smooth  surface.  Transparent, 
yellow  to  brown  with  oblique  illumination. /nVith  HNOi  becomes  slowly  brown,  often 
showing  crystal  structure;  with  aqua  regia  effervesces  and  blackens. 

Arm.  —  Sphalerite  has  been  i^tificially  formed  by  heating  zinc  solutions  in  hydrogen 
sulphide  inclosed  in  a  sealed  tube;  also  by  passing  hydrogen  sulphide  over  heated  zmc 
chloride. 

Obs.  —  Sphalerite  is  the  most  important  ore  of  zinc.  It  occurs  in  both  crystalline  and 
sedimentary  rocks,  being  especially  common  in  the  limestones,  where  it  often  occurs  as 
beds  of  considerable  size.  It  is  frequently  associated  with  galena,  also  with  chalcopyrite, 
pvrite,  barite,  fluorite,  sid^te,  etc.  Commonly  found  with  sUver  ores.  Of  the  two  forms 
of  zinc  sulphide,  sphalerite  is  the  form  which  crystallizes  below  1020**  while  wurtzite  is 
deponted  at  higtier  temperatures.  Zinc  sulphide  is  deposited  from  alkaline  solutions  as 
sphalerite;  from  acid  solutioas  both  forms  are  deposited,  the  amount  of  sphalerite  increas- 
ing with  the  tempmiture  while  that  of  wurtzite  increases  with  the  acidi^  of  the  solution. 

Some  of  the  chief  localities  for  ciystallized  sphalerite  are:  Alston  Moor  in  Cumberland 
and  at  St.  Agnes  and  elsewhere  in  Cornwall,  England^  Andreasberg  and  Neudorf  in  the 
Harz  Mts.,  Fieiberg,  and  other  localities  in  Saxony;  Pribram,  and  Schlackenwald  in  Bohe- 
mia; Kapnik^  Schemnitz  and  Felsob&nya,  in  Hungary:  Nagy^  and  Rodna  in  Transyl- 
vania; the  Binnental  in  Switzerland,  isolated  crystdb  of  great  b^uty,  yellow  to  brown,  in 
cavities  of  dolomite.  A  beautiful  transparent  variety  yielding  larpe  cleavage  masses  is 
brought  from  Picos  de  Europa,  Santander,  Spain,  where  it  occurs  m  a  brown  limestone. 
A  similar  variety  with  golden  brown  to  green  colors  from  Chivera  mine,  Cannanea,  Mexico. 
Large  crystals  from  Ani  copper  mines,  Ugo,  Japan.  Fibrous  varieties  (see  wurtzite)  are 
obtained  at  Pribram;  Geroldseck  in  Baden ;  Raibl,  Carinthia;  also  in  Cornwall.  The  origi- 
nal marmatite  is  from  Marmato  near  Popayan,  Italy. 

The  important  zinc  ore  dutricts  of  tHe  United  States  in  which  sphalmte  is  the  chief 
zinc  mineral  are  foimd  in  Missouri,  Colorado,  Montana,  Wisconsin,  Idaho  and  Kansas. 
Some  localities  noteworthy  for  the  specimens  they  have  produced  are  as  follows:  In  Conn., 
at  Roxbur>-.  In  N.  J.,  a  white  variety  (cleiophane)  at  Franklin  Furance.  In  Pa.,  at  the 
Wheatley  and  Perkiomen  lead  mines,  in  crystals;  near  Friedensville,  Lehigh  Co.,  a  grayish 
waxy  variety.  In  111.,  near  Rosiclare,  with  galena  and  calcite;  at  Marsden'  dimngs,  near 
Galena,  in  stalacites,  with  crystallized  marcasite,  and  galena;  at  Warsaw.  In  Wis.,  at 
Mineral  Point,  in  fine  crystals.  In  Ohio,  at  Tiffin.  In  Mo.,  in  beautiful  crystallizations  with 
galena,  marcasite  and  calcite  at  Joplin  and  other  points  in  the  southwestern  part  of  the  state; 
the  deposits  here  occur  in  limestone  and  are  of  great  extent  and  value;  also  in  adjoining 
parts  of  Kan.     In  Col.,  at  many  places. 

Named  blende  because,  while  often  resembling  galena,  it  yielded  no  lead,  the  word  in 
German  meaning  blind  or  deceiving.    Sphalerite  is  from  ir^aXcpot,  treacherous. 
Use.  —  The  most  important  ore  of  zinc. 
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MotaciimalMuite.  Mercuric  sulphide,  HgS.  In  composition  like  cinnabar,  but  occurs 
in  black  tetrahedral  crystals;  also  massive.  G.  —  7 '7.  In  Cal.,  from  the  Reddington 
mine,  Lake  county,  with  cinnabar,  quartz  and  marcasite;  and  from  San  Joaquin,  Orange 
Ck).     Found  also  at  Idria  in  Austria. 

Guadalcazarite.  Near  metacinnabarite,  but  contains  zinc  (up  to  4  p.  c.)*  Guadal- 
caxar,  Mexico.    Probably  a  mixture. 

Tiemannite.  Mercuric  selenide,  HgSe.  Isometric-tetrahedral.  Commonly  massive; 
compact.  G.  »  8'19  Utah;  8'30-8'47  Claustat.  Luster  metallic.  Color  steel-gray  to 
blackish  lead-grav.  Streak  nearly  black.  Occurs  at  Claustal  in  Uie  Han  Mts.;  Cal.,  in 
the  vicinity  ofCfear  lake;  Marysvale,  Piute  Co.,  Utah. 

Onofrite.    Hg(S,Se)  with  Se  »  4'5  to  6'5  p.  c.    San  Onofre,  Mexico;  Marysvale,  Utah. 

Coloradoito.  Mercuric  telluride,  HgTe.  Massive.  Conchoidal  fracture.  H.  »  2*5. 
G.  —  8*07  (Kalgoorlie).  Color  iron-black.  Originally  found  sparingly  in  Colorado. 
Rather  abundant  at  the  Kalgoorlie  district.  West  Australia.  Material  called  kalgoorlUe 
is  a  mixture  of  coloradoite  and  petsite. 

'^  Alabandite.  Manganese  sulphide,  MnS.  Isometric-tetrahedral;  usually  granular 
massive.  Cleavage:  cubic,  perfect.  G.  »  3*95-4*04.  Luster  submetaUic.  tk>lor  iron- 
black.  Stre^  green.  Occurs  at  Nagyd^,  Transylvania;  Kapnik,  Huneary;  Mexico; 
Peru;  crystallized  and  massive  on  Snake  River,  Summit  coimty.  Col.;  Tombstone,  Ariz. 

Oldhamite.  Calcium  sulphide,  CaS.  In  pale  brown  spherules  with  cubic  cleavage  in 
the  Busti  meteorite.    Also  noted  in  Allegan  meteorite. 

PENTLANDITE. 

Isometric.  Massive,  granular.  Cleavage:  octahedral.  Fracture  uneven. 
Brittle.  H.  =  3*5-4.  G.  =  5*0.  Luster  metallic.  Color  light  bronze- 
yellow.    Streak  light  bronze-brown.    Opaque.    Not  magnetic. 

Comp.  —  A  sulphide  of  iron  and  nickel,  (Fe,Ni)S.    In  part,  2FeS.NiS 

=  Sulphur  36-0,  iron  42*0,  nickel  22*0  =  100. 

Obs.  —  Occurs  with  chalcopyrite  near  Lillehammer,  Norway.  Also  from  Sudbui^, 
Ontario,  where  it  is  intimately  associated  with  nickeUferous  pjrrrhotite.  It  can  be  dis- 
tinguished from  the  latter  by  its  cleavage. 

4.   Cinnabar^Wurtzite^Millerite  Group.    Rhombohedral  or   Hexagonal 

c 
Cinnabar  HgS       Rhombohedral-Trapezohedral        1*1453 

CoveUite  CuS  11466 


Greenockite 

CdS 

Hexagonal-Hemimorphic 

c 
0-8109  or 

c 
0-9364 

Wartzite 

ZnS 

NiS 

i< 

0-8176 

0-9440 

Millerite 

Rhombohedral 

0-9883 

NiccoUte 

NiAs 

<< 

0-8194 

0-9462 

Breithauptite 

NiSb 

11 

0-8586 

0-9915 

Ante 

Ni(Sb,A8) 

Pyrrhotite 

FeuSij, 

etc 

Hexagonal 

0-8701 

10047 

TroiUte 

FeS 

This  fourth  group  among  the  monosulphides  includes  several  subdivisions, 
as  shown  in  the  scheme  above,  and  the  relations  of  the  species  are  not  in  all 
cases  perfectly  clear.  It  is  to  be  noted  that  the  sulphides  of  mercury  and  zinc, 
already  represented  in  the  sphalerite  group,  appear  here  again. 

If,  as  suggested  by  Groth,  the  prominent  pyramids  of  wivtzite)  greenockite,  etc.,  be 
made  pyramids  of  the  second  series  (e.^..  x  =  ll22,  instead  of  lOll),  then  the  values  of  c 
in  the  second  column  are  obtained,  whion  correspond  to  millerite.  The  form  of  several  of 
these  species,  however,  is  only  imperfectly  known.  A  rhombohedral  form  for  greenockite 
has  beoi  suggested. 
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GnVNABAR. 

Rhombohedral-trapezohedral.    Axis  c  =  1-1453. 

it',  1011  A  Ton  =  87°  23'. 
ii\  4045  A*)45  =  78*  OJ'. 
cr,  0001  A  lOTl  «  52**  54'. 

Ciystals  usually  rhombohedral  or  thick  tabular  in  habit,  rarely  showing 
trapezohedral  faces;  in  rhombohedral  penetration  twins;  also  acicular  pris- 
matic. In  crystalline  incrustations,  granular,  massive;  sometimes  as  an 
earthy  coating. 

Cleavage:  m(lOlO)  perfect.  Fracture  subconchoidal,  uneven.  Some- 
what sectUe.  H.  =  2-2*5.  G..=  8-0-8-2.  Luster  adamantine,  inclining  to 
metallic  when  dark-colored,  and  to  dull  in  friable  varieties.  Color  cochineal- 
red,  often  inclining  to  brownish  red  and  lead-gray.  Streak  scarlet.  Trans- 
parent to  opaque.  Optically  +  .  Indices:  ov  =  2*82,  cr  =  3*14.  See  Art. 
3M. 

Var.  —  1.  Ordinary:  either  (a)  cryBiaUized;   (b)  mawivef  granular  embedded  or  com- 

Sact;  bri(^t  red  to  reddish  brown  in  color;  (c)  earthy  and  bright  red.    2.  Hepatic,    Of  a 
ver-brown  color,  with  sometimes  a  brownish  streak,  occasionally  slaty  in  structure,  though 
commonly  granular  or  compact. 

Comp. —  Mercuric  sulphide,  HgS  =  Sulphur  13*8,  mercury  86*2  =  100. 
Usually  impure  from  the  admixture  of  clay,  iron  oxide,  bitumen. 

Pyr.  —  In  the  closed  tube  alone  a  black  sublimate  of  mercuric  sulphide,  but  with  sodium 
carbonate  one  of  metallic  mercury.  Carefully  heated  in  the  open  tube  gives  sulphiut>us 
fumes  and  metallic  mercury,  which  condenses  in  minute  globules  on  the  cold  walls  of  the 
tube.    B.B.  on  charcoal  wholly  volatile,  but  only  when  quite  free  from  gangue. 

Diff.  —  Characterized  by  its  color  and  vemmion  streak,  hish  specific  gravity  (reduced, 
however,  by  the  gangue  usually  present),  softness;  also  by  the  blowpipe  characters  (e.^.,  in 
the  closed  tube).    Resembles  some  varieties  of  hematite  and  cuprite. 

Artif .  —  Cinnabar  has  been  produced  artificially  by  several  methods  which  are,  how- 
ever, in  general  modifications  of  the  two  following  types:  (1)  When  the  black  mercuiy  sul- 
phide formed  by^the  direct  union  of  mercury  and  sulphur  is  sublimed,  cinnabar  is  the  prod- 
uct; (2)  the  black  sulphide  when  treated  with  solutions  of  alkaline  sulphides  is  converted 
into  cmnabar.  In  general  cinnabar  is  formed  under  alkaline  conditions  and  metacinnabarite 
under  acidic  conditions. 

Obs.  —  Cinnabar  is  the  only  common  mineral  of  mercury  and  with  rare  exceptions 
constitutes  the  ore  of  the  metal.  It  occurs  in  veins  filling  fissures  and  cavities  in  rocks  which 
are  conmionly  sedimentary  in  character,  being  often  slates,  shales,  sandstones  or  limestones. 
While  infrequently  occurring  in  igneous  rocks  such  rocks  are  commonly  near  by  and  are 
thou^t  to  have  been  the  source  of  the  metal.  Cinnabar  is  deposited  from  hot  alkaline 
solutions  or  as  the  result  of  solfataric  action.  Pyrite  and  marcasite,  sulphides  of  cop|>er, 
stibnite,  realgar,  gold,  etc.,  are  associated  minerals;  calcite,  quartz  or  opal,  also  barite, 
fluorite,  are  gangue  minerals;  a  bituminous  mineral  is  common. 

The  most  important  European  deposits  are  at  Almaden  in  Spain,  and  at  Idria  in  Car- 
niola,  where  it  is  usually  massive;  also  at  Bakmut.in  southern  Russia.  Crystallized  at 
Moschellandsberg  and  Wolfstein  in  the  Palatinate  and  at  the  mines  of  Mt.  Avala,  near 
Belgrade,  Servia;  at  Ripa  in  Tuscany;  at  AlB6saj6,  Hungary;  in  the  Ural  Mts.,  the  Ner- 
chiEfik  re^oa.in  Transbaikalia;  in  large  twinned  rhombohedrons  from  Province  of  Kwd- 
chow,  China;  Japan;  Mexico;  Huancavelica,  Peru ;  Chile. 

In  Uie  United  States  forms  extensive  mines  in  Cal.,  the  most  important  at  New  Almaden 
and  the  vicinity,  in  Santa  Clara  Co.;  also  at  Altoona,  Trinity  Co.;  it  is  now  forming  by 
solfataric  action  at  Sulphur  Bank,  Cal.,  and  Steamboat  Springs,  Nev.;  has  been  found  in 
southern  Utah;  important  deposits  occur  in  Brewster  Co.,  Texas;  also  mined  in  Nev.  and 
Ariz. 

The  name  cinnabar  is  supposed  to  come  from  India,  where  itts  applied  to  the  red  resin, 
dragon's  blood.  The  native  cinnabar  of  Theophrastus  is  true  cinnabar j  he  speaks  of  its 
affording  quicksilver.  The  Latin  name  of  cinnabar,  minium f  is  now  given  to  red  lead,  a 
substance  which  was  early  used  for  adulterating  cinnabar,  and  so  got  at  last  the  name. 

Only  comparatively  few  localities  have  furnished  the  mineral  in  quantity. 

Use.  —  Tne  most  important  ore  of  mercury. 
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COVELUTE. 

Monoclinic  ?    Pseudohexagonal  through  twinning.    Crystals  usually  thin 
hexagonal  plates.    Often  massive. 

^  Clerfvage:  basal,  perfect.  H.  =  1*5-2.  G.  =  4*6.  Luster  sublnetallic  to 
resinous.  Color  indigo-blue  or  darker.  Often  shows  fine  purple  color  when 
moistened  with  water.    Streak  lead-gray  to  black.    Opaque. 

Comp.  —  Cupric  sulphide,  CuS  =  Sulphur  33*6,  copper  66*4  =  100. 

Pyr.,  etc.  —  Fusible  at  2' 5  yielding  Bulphurous  fumes.  After  roasting  and  moistening 
with  nydrochloric  acid  gives  azure-blue  flame.    Much  sulphur  in  C.T. 

Micro.  —  In  polish^  section  shows  blue  color  with  smooth  surface.  With  KCN  be- 
comes instantly  deep  violet  which  rulis  off,  leaving  a  yellow  coating;  and  rough  surface. 

Artif .  —  CoveUite  has  been  prepared  artificiaily  by  heating[  m  sealed  tubes  a  cupric 
solution  with  ammonium  sulphocyanate  and  by  heating  sphalente  in  a  solution  of  copper 
sulphate. 

Obs.  —  CoveUite  is  a  mineral  of  secondary  origin  found  in  the  enriched  portions  of  copper 
sulphide  veins,  associated  with  chalcocite.  bomite,  etc.  Found  in  small  amounts  in  many 
plaices.  Noteworthy  localities  are  as  follows:  various  places  in  Germanv;  in  exceptional 
crystals  at  Bor  in  Tlmoker  Kreis.  Servia;  on  the  lavas  of  Vesuvius;  in  Chile;  Provmce  of 
Rikuchu,  Japan.  In  the  Unitea  States  at  the  Butte  district,  Mon.;  Sununitville,  Col.; 
La  Sal  district,  Utah;  Kenneoott,  Alaska,  etc. 


GREBNOC&ITB. 

Hexagonal-hemimorphic.    Rarely  in  hemimorphic  crystals;    also  as  a 
coating. 

Cleavage:  a(ll20)  distinct,  c(OOOl)  imperfect.  Fracture  conchoidal. 
Brittle.  H.  =  3--3'5.  G.  =  4'9--5'0.  Luster  adamantine  to  resinous.  Color 
honey-,  citron-,  or  orange-yellow.  Streak  between 
orange-yellow  and  brick-red.  Nearly  transparent. 
Optically  +  .    «  =  2-606,  €  =  2529. 

Comp.  —  Cadmium  sulphide,  CdS  »  Sulphur  22*3, 
cadmium  77-7  =  100. 


Pyr.,  etc  —  In  the  closed  tube  assumes  a  cannine-red  color 
whUe^  hot,  fading  to  the  original  yeUow  on  cooling.  In  the 
op&^tube  pives  sulphurous  fumes.  B.B.  on  charcoal,  either 
tone  or  with  soda,  gives  in  R.F.  a  reddish  brown  coating. 
Soluble  in  hydrochloric  acid,  affording  hydrogen  sulphide. 

Artif.  —  Greenockite  has  been  prepared  artificially  in  sev- 
eral ways.  Precipitated  cadmium  sulphide  when  fused  with 
potjuwium  carbonate  and  sulphur  produced  greenockite  crystals;  also  when  cadmium 
sulphate,  calcium  fluoride  and  barium  sulphide  were  fused  together.  Greenockite  is 
form^  when  cadmium  oxide  is  heated  in  sulpnur  vapor. 

Oba.  —  Occurs  with  prehnite  at  Bishopton,  Renfrewshire,  and  elsewhere  in  Scotland. 
At  Pribram  in  Bohemia^  as  a  coating  on  sphalerite;  similarly  at  other  points;  so  too  in  Uie 
United  States  near  Friedensville,  ra.,  and  in  the  zinc  region  of  southwestern  Mo.;  in 
Marion  Co.,  Ark.,  it  colors  smithsonite  bright  yellow;  noted  at  FrankUn,  N.  J.  Not  im- 
coDunon  as  a  furnace  product. 

Use.  —  An  ore  of  cadmium. 

Wurtzite.    Zinc  sulphide,  ZnS,  like  sphalerite,  but  in  hemimorphic  hexagonal  crystals; 
also  fibrous  and  massive.    G.  «  3*98.    Color  brownish  black.    See  imder  sphalerite,  p.  368, 
for  the  conditions  of  its  formation.    From  a  silver-mine  near  Oruro  in  Bolivia^  Portu^: 
at  Mies,  Bohemia;  Peru.     In  crvstals  with  sphalerite  and  quartz  at  the  "Ongmal  Butte 
mine,  Butte,  Mon.    In  crystals  from  Joplin,  Mo.;  from  near  Frisco,  Beaver  Co.,  Utah. 

llie  massive  fibrous  forms  of  ''Schalenblende"  occur  at  Pribram,  Bohemia;  Liskeard, 
Cornwall,  etc.  Other  forms,  from  Stolberg,  Wiesloch,  Altenberg,  Germany,  are  in  part 
wurtzite,  in  part  sphalerite. 
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MILLERITE.    Capillary  Pyrites. 

Rhombohedral.  Usually  in  very  slender  to  capillary  crystals,  often  in 
delicate  radiating  groups;  sometimes  interwoven  like  a  wad  of  hair.  Also  in 
columnar  tufted  coatings,  partly  semi-globular  and  radiated.  The  rhombohe- 
dron  (0ll2)  is  a  gliding  plane  and  iutificial  twins  may  be  formed. 

Cleavage  perfect  parallel  to  (lOll)  and  (0ll2).  Fracture  uneven.  Brittle; 
capillary  crystals  elastic.  H.  =  3-3*5.  G.  =  5'3-5-65.  Luster  metallic. 
Color  brass-yellow,  .inclining  to  bronze-yellow,  with  often  a  gray  iridescent 
tarnish.    Streak  greenish  black. 

Comp.  —  Nickel  sulphide,  NiS  =  Sulphur  35-3,  nickel  64-7  =  100. 

Pyr.,  etc.  lo  the  open  tube  sulphurous  fumes.  B.B.  on  charcoal  fuses  to  a  globule. 
When  roasted,  gives  with  borax  and  salt  of  phosphorus  a  violet  bcAd  in  O.F.^  becoming 
gray  in  R.F.  from  reduced  metallic  nickel.  On  charcoal  in  R.F.  the  roasted  mmeral  gives 
a  coherent  metallic  mass,  attractable  by  the  magnet.  Most  varieties  also  show  traces  of 
copper,  cobalt,  and  iron  with  the  fluxes. 

Arm.  —  Crystals  of  miUerite  have  been  formed  artificially  by  treating  under  pressure  a 
solution  of  nickel  sulphate  with  hydrogen  sulphide. 

Obs.  —  Found  at  Joachimstal  and  Pribram  in  Bohemia;  in  Germany  at  Johann- 
georgenstadt  and  Freiberg,  Saxony;  Wissen,  Prussia;  in  Cornwall,  England. 

In  the  United  States^  at  Antwerp,  N.  Y.,  in  cavities  in  hematite;  in  Liancaster  Co.,  Pa., 
at  the  Gap  mine,  in  thm  velvety  coatings  of  a  radiated  fibrous  structure.  With  calcite, 
dolomite  and  fluorite,  forming  ddicate  tsjogied  hair-like  tufts,  in  geodes  in  limestone,  often 
penetrating  the  calcite  crystals,  at  St.  Louis,  Mo.;  similarly  near  Milwaukee,  Wis.  At 
Orford,  Quebec. 

Use.  —  An  ore  of  nickel. 

Bbtrichite.  NiS  like  millerite,  but  with  lower  specific  gravity  (4*7).  Laspeyres  con- 
siders all  millerite  as  formed  by  paramorphism  from  beyrichite.  Foimd  in  Westenndd, 
Rhine-Prussia. 

Hauchbcornite.  Perhaps  Ni(Bi,Sb,S).  In  tabular  tetrsiffonal  crystals.  H.  » 5. 
G.  »  6 '4.    Color  light  bronze-yellow.    From  Hamm  a.  d.  Sieg,  Germany. 

NICCOLITE.    Copper  Nickel. 

Hexagonal.  Crystals  rare.  Usually  massive,  structure  nearly  impal- 
pable; abo  reniform,  columnar;  reticulated,  arborescent.  Fracture  uneven. 
Brittle.  H.  =  5-5-5.  G.  =  7-33-7*67.  Luster  metallic.  Color  pale  cop- 
per-red.   Streak  pale  brownish  black.    Opaque. 

Comp.  —  Nickel  arsenide,  NiAs  =  Arsenic  56"  1,  nickel  43*9  =  100. 
Usually  contains  a  little  iron  and  cobalt,  also  sulphur;  sometimes  part  of  the 
arsenic  is  replaced  by  antimony,  and  then  it  graduates  toward  breithauptite. 
The  intermediate  varieties  have  been  called  ante. 

Pyr.,  etc — In  the  closed  tube  on  intense  ignition  gives  a  faint  sublimate  of  arsenic. 
In  the  open  tube  a  sublimate  of  ar8Q^ic  trioxide,  with  a  trace  of  sulphurous  fumes,  the 
assay  becoming  jrellowish  green.  On  charcoal  gives  arsenical  fumes  and  fuses  to  a  globule, 
which,  treated  with  borax  glass,  affords^  by  successive  oxidation,  reactions  for  iron,  cobalt, 
and  nickel;  the  antimonial  varieties  give  also  reactions  for  antimony.  Soluble  in  aqua 
regia. 

Obs.  —  Accompanies  cobalt,  silver  and  copper  ores  in  Germany  in  the  Saxon  mines  of 
Annaberg,  Schneeberg,  Mansfield,  etc.;  also  m  Thuringia,  Hesse,  and  in  St>rria;  at  Alle- 
mont,  Dauphin^,  at  Balen  in  the  Basses  Pyrenees,  France  (aritc) ;  at  the  Ko  mines  in  Nord- 
mark,  Sweden;  occasionally  in  Cornwall,  Chile;  abundant  at  Mina  de  la  Rioja,  Oriocha, 
Argentina.  In  the  United  States,  sparingly  at  Franklin  Furnace,  N.  J.,  Silver  Cliff,  Col. 
In  Canada,  at  Cobalt,  Ontario. 

Use.  —  An  ore  of  nickel. 

TsMisKAMrrE.  Described  as  having  composition  NitAss,  has  been  shown  to  be  a  mix- 
ture of  niccolile,  maucheriie  and  a  little  cobaltiU. 

Breitiiauptite.  Nickel  antimonide.  NiSb.  Rarely  in  hexagonal  crystals;  usually 
massive,  arborescent,  disseminated.  G.  =  7*54.  Color  light  copper-red.  From  Andreas- 
berg  in  the  Harz  Mts.,  Germany. 
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PYRRHOTTTE.    Magnetic  Pyrites. 
Hexagonal,    c  =  0*8701.  662 

cs,  0001  A  lOTl  «  45*   8'. 

cti,0001  A  40ir  =  76**   O'. 

cy,  0001  A  (200-20-3)  -  SV  30J'. 

Twins:  tw.  pL  s(lOll),  with  vertical  axes  nearly  at 
right  angles  (Fig.  418,  p.  167).  Distinct  crystals  rare, 
commoidy  tabiilar;  also  acute  pyramidal  with  faces 
striated  horizontally.    Usually  massive,  with  granular  structure. 

Parting:  c(OOOl),  sometimes  distinct.  Fracture  uneven  to  subconchoidal. 
Brittle.  H.  =  3-5-4-5.  G.  =  4-58-4-64.  Luster  metallic.  Color  between 
bronze-yellow  and  copper-red,  and  subject  to  speedy  tarnish.  Streak  dark 
grayish  black.  Magnetic,  but  varying  much  in  intensity;  sometimes  possess- 
ing polarity. 

Comp.  —  Ferrous  sulphide  containing  variable  amoimts  of  dissolved 
sulphur.  Analyses  show  variation  from  FesSe  to  FeiSn-  Often  also  contains 
nickel.    FerSg  =  Sulphur  39*6,  iron  60*4  =  100.    (Cf .  Art.  473,  p.  323.) 

Pyrrhotite  differs  from  troilite  in  containing  more  or  less  of  dissolved  sulphuTi  while 
troilite,  occurring  in  meteorites  where  there  is  always  an  excess  of  iron,  may  form  the  pure 
monosulphide. 

PvT.,  etc.  —  Unchanged  in  the  closed  tube.  In  the  open  tube  gives  sulphurous  fumes. 
On  cnarcoal  in  R.F.  fuses  to  a  black  magnetic  maiss;  in  O.F.  is  converted  into  red  oxide, 
which  with  fluxes  gives  only  an  iron  reaction  when  pure,  but  many  varieties  yield  small 
amounts  of  nickel  and  cobalt.  Decomposed  by  hydrochloric  acid,  with  evolution  of  hydro- 
gen sulphide. 

Diff.  —  Distinguished  by  its  peculiar  reddish  bronze  color;  also  by  its  magnetic  prop- 
erties. 

Micro.  —  In  polished  section  shows  a  cream  color  with  a  shiny  and  pitted  surface. 
With  hot  HCl  tarnishes  quickly,  giving  bright  colors,  then  blackens  and  dissolves;  with  aqua 
regia  effervesces,  becomes  iridescent  in  center  of  drop  and  brown  at  the  edge. 

Artif .  —  Pyrrhotite  has  been  synthesized  by  the  direct  union  of  iron  and  sulphur  and 
also  when  pyrite  is  heated  in  an  atmosphere  of  hydrogen  sulphide  at  550^.  Pyrrhotite 
exists  in  two  crystalline  modifications,  hexagonal  at  ordinary  temperatures  and  ortho- 
rhombic  ^above  138^. 

Obs.  —  Occurs  at  Kongsberg,  Modum,  Kristiania,  etc.,  in  Norwav;  Falun,  Sweden; 
Andreasberg  in  the  Harz  Mts.,  Germany;  Schneeberg,  Saxony:  Leoben  and  Lavantal, 
Carinthia;  Minas  Geraes  in  Brazil,  in  large  tabular  crystals;  the  lavas  of  Vesuvius;  Corn- 
wall. 

In  North  America,  in  Me.,  at  Standish  with  andalusite;  in  Ver.,  at  Stafford,  etc.  In 
N.  Y.,  near  Diana,  Lewis  Co.j  Orange  Co.;  at  TiUy  Foster  mine,  Brewsters.  In  Fa.,  at  the 
Gap  mine,  Lancaster  Co.,  mckeliferous.  In  Tenn .,  at  Ducktown  mines,  abimdant.  In 
Canada,  in  large  veins  at  St.  J6r6me,  Elizabethtown ,  Ontario;  large  deposit  mined  for  nickel 
at  Sudbury,  Ontario. 

Named  from  irvpporiTs,  reddish. 

Use.  —  Often  b&comes  a  valuable  ore  of  nickel. 

Troilite.  Ferrous  sulphide,  FeS,  occurring  in  nodular  masses  and  in  thin  veins  in 
many  iron  meteorites.  G.  =  4*75-4 '82.  Color  tombac-brown.  Considered  to  be  the  end 
member  of  the  pjrrrhotite  series.    See  above. 

C.    Intermediate  Division 

Polydymite.  A  nickel  sulphide,  perhaps  Ni4S».  In  octahedral  crystals;  frequently 
twinned.    G.  =  4* 54-4*81.    Color  gray.    From  Grtinau,  Westphalia,  Germany. 

Sychnodymite.  Essentially  (Co,Cu)4Sft.  Isometric,  in  small  steel-gray  octahedrons. 
From  the  Siegen  district,  Grermany. 
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The  following  species  are  sometimes  regarded  as  Sulpho-salts,  namely, 
Sulpho-ferrites,  etc. 

BORinTE.    Peacock  Ore.    Purple  Copper  Ore.    Variegated  Copper  Ore.    Enibescite. 

Isometric.  Habit  cubic,  faces  often  rough  or  curved.  Twins:  tw.  pl- 
o(lll),  often  penetration-twins.  Crystals  rare.  Usually  massive,  structure 
granular  or  compact. 

Cleavage :  o  (1 1 1) ,  in  traces.  Fractiu'e  small  conchoidal,  uneven.  Brittle. 
H.  =  3.  G.  =  4-&-5-4.  Luster  metallic.  Color  between  copper-red  and 
pinchbeck-brown  on  fresh  fractinre,  speedily  iridescent  from  tarnish.  Streak 
pale  grayish  black.    Opaque. 

Comp.  —  A  sulphide  of  copper  and  iron.  Cu»FeS4.  Copper  63-3,  iron 
111,  sulphur  25-6=  100.  

The  mineral  often  contains  small  amounts  of  chaloocite,  etc.,  and  therefore  shows  con- 
siderable variation  in  its  percentage  composition,  giving  from  50  to  70  p.  c.  of  copper  and 
15  to  6*5  p.  c.  of  iron. 

Pyr.,  etc. — In  the  closed  tube  gives  a  faint  sublimate  of  sulphur.  In  the  open  tube 
yields  sulphurous  fumes.  B.B.  on  charcoal  fuses  in  R.F.  to  a  brittle  magnetic  globule. 
The  roasted  mineral  gives  with  the  fluxes  the  reactions  of  iron  and  copper,  and  with  soda 
A  metaUic  globule.    Soluble  in  nitric  acid  with  separation  of  sulphm*. 

DIff.  —  Distinguished  (e.g.,  from  chalcocite)  oy  the  peculiar  reddish  color  on  the  fresh 
fracture  and  t>y  its  brilliant  tarnish ;  B.B.  becomes  stron^y  ma^etic. 

Micro.  —  In  polished  section  shows  a  pinkish  brown  color  with  smooth  surface.  With 
H^Os  becomes  quickly  ffolden-brown  with  effervescence. 

Artif.  —  Bomite  has  oeen  obtained  bv  fusing  pjrrite.  copper  and  sulphur  together;  bv 
heating  a  mixture  of  cuprous,  cupric  and  ferric  oxides  in  nydro^n  sulphide  at  100**  to  200  . 

OIm.  —  Bomite  is  often  a  primary  mineral  of  magmatic  origin,  being  frequently  found 
in  igneous  rocks.  It  is  also  often  a  secondary  mineral,  occurring  with  chalcocite,  et<;.,  in 
the  enriched  portions  of  copper  sulphide  veins.  It  is  usually  associated  with  other  copper 
ores,  and  is  a  valuable  ore  of  copper.  Crystalline  varieties  are  foimd  in  Cornwall,  callea  by 
the  miners  ''horse-flesh  ore.''  Occurs  massive  at  Ross  Island,  Killamey,  Ireland;  Monte 
Catini,  Tuscany:  the  Mansfeld  district,  Germany;  in  Norway,  Sweden,  Siberia,  Silesia, 
and  Hungary.  It  is  the  principal  copper  ore  at  some  Chilian  mmes;  also  common  in  Peru, 
Bolivia,  and  Mexico. 

In  the  United  States,  found  at  the  copper  mine  in  Bristol,  Conn.;  massive  at  Mahoopeny, 
near  Wilkesbarre.  Pa.;  in  western  Idaho;  Butte,  Mon.,  etc.  A  common  ore  in  Canada,  at 
the  Acton  and  other  mines. 

Named  after  the  mineralogist  Ignatius  von  Bom  (1742-1791). 

Use.  —  An  ore  of  copper. 

Linnoite.  A  sulphide  of  cobalt,  C0SS4  »  CoS.CoiSs,  analogous  to  the  spinel  group. 
Also  contains  nickel  (var.  negenite).  Commonly  in  octahedrons;  also  massive.  H.  «  5*5. 
G.  »  4 '8-5.  Color  pale  steel-gray,  tarnishing  copper-red.  Occurs  at  Bastnaes,  etc., 
Sweden:  MUsen,  near  Siegen,  Prussia;  at  Siegen  {siegenUe),  in  octahedrons.  In  the 
United  States  at  Mine  la  Motte,  Mo.;  Mineral  Hill,  Md. 

Daabr6elite.  An  iron-chromium  sulphide,  FeS.CriSs,  occurring  with  troitite  in  some 
meteoric  irons.    Color  black.    G.  »  5 '01. 

CuBANTTE.  Described  as  an'  iron-copper  sulphide,  perhaps  CuFefS4  =  CuS.FesSs. 
Examination  of  specimens  from  several  localities  show  it  to  be  a  mixture  of  pyrite  or  pyrrho- 
tite  with  chalcopyrite. 

CARROLrrE.  A  copper-cobalt  sulphide,  CuCosS4  «  CuS.CosSi.  Isometric;  rarely  in 
octahedrons.  Usually  massive.  G.  »  4 '85.  Color  light  steel-gray,  with  a  faint  reddish 
hue.  From  Carroll  C!o.,  Md.,  near  Finksburg.  Probably  limueite  with  intergrown  bomite 
and  chalcop3rrite. 

Badenlte.  (Co^i,Fe)s(As,Bi)3.  Massive  oranular  to  fibrous.  G.  =  7'1.  Metallic. 
Color  steel-gray.    Fusible.     From  near  Badeni-Ungureni,  Neguletzul  valley,  Roumania. 

CHALCOPYRITE.    Copper  Pyrites.    Yellow  Copper  Ore. 
Tetragpnal-sphenoidal.    Axis  c  =  0*98525. 

pp',  111  A  III  «  108**  40'.  pp,,  111  A  111  =  70°  7J'.  ce,  001  A  101  =  44*  34J'. 
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Crystals  commonly  tetrahedral  in  aspect,  the  sphenoidal  faces  p(lll) 
large,  dull  or  oxidised;  p,(lll)  small  and  brilliant.  Sometimes  both  forms 
equally  developed,  and  then  octahedral  in  form.     Twins:   (1)  tw.  pi.  j7(lll}, 


t(201),  «(513) 

resembling  Bpinel-twins  (Fig.  417,  p.  167);  sometimes  repeated  as  a  five- 
ling  (Fig.  655).  (2)  Tw.  pi.  and  comp.-face  e(lOl)  (Fig.  656,)  often  in 
repeated  twins.  (3)  Tw.  pi.  m(nO),  tw,  axis  c,  complementary  penetration 
twins.    Often  massive,  compact. 

Cleavage:  z(201),  sometimes  distinct;  c(OOl),  indistinct.  Fracture  un- 
even. Brittle,  H.  -  3-5-4.  G.  —  4-1-4-3.  Luster  metallic.  Color  brass- 
yellow;  often  tarnished  or  iridescent.     Streak  greenish  black.     Opaque. 

Comp.  —  A  sulphide  of  copper  and  iron,  CuFeSi  =  Sulphur  35-0,  cop- 
per 34-5,  iron  305  =  100.  Analyses  often  show  variations  from  this  formula, 
often  due  to  mechanical  admixture  of  pyrite. 

Sometimes  &uriferiouB  &nd  argeDtiferous;  also  contains  tracee  of  selenium  and  thallium. 

Pyr..  etc —  In  the  doeed  tube  often  decrepitatea,  and  gives  a  sulphur  sublimate,  in  the 
opoi  tube  sulphurous  fumes.  On  charcoal  fuses  to  a  magDetic  globule;  the  residue  mois- 
teDed  with  hydrochloric  acid  and  then  touched  with  blowpipe  flame  gives  intense  blue  flame 


color.     Decomposed  by  nitric  acid  givins  free  Hiiijihur  and  a  green  solution;   amn 
excess  changes  the  green  color  to  a  deep  blue,  and  preci  pita  tea  red  ferric  hydroxide. 

Diff.  —  DiEtinguished  from  pyrite  by  its  inferior  hardneea  and  deeper  yellow  color. 
Resembles  gold  whim  disseminated  in  minute  grains  in  quartz,  but  difFers  in  being  brittle 
and  iD  having  a  black  streak;  further  it  is  soluble  in  nitric  acid. 

Micro.  —  In  polished  section  shows  a  bright  brass-yellow  color  with  smooth  surface. 
With  hot  HNOi  tarnishes  and  dissolves.    Unanected  by  KCN,  differing  from  gold. 

Artif,  —  Chidcopyrit«  has  been  artificially  prepared  (1)  by  fusing  pyrite  and  copper 
sulphide  together;  (2)  by  gently  heating  cupric  and  ferric  oxides  in  an  atmosphere  of  hy- 
dnwen  sul^de. 

Obs.  -Ji^halcopynte  ia  the  moat  common  and  important  mineral  containing  copper. 
It  is  oommonlv  of  primary  origin  and  from  it,  by  various  alteration  processes,  many  otho: 
copper  minerals  are  derived.  It  has  repeatedly  been  observed  as  an  original  constituent  of 
igneoufl  rocks  and. the  ultimate  source  of  the  copper  of  our  ore  depoaite  is  to  be  found  in 
rocks  of  this  type.  It  occurs  widely  disseminata  in  metallic  veins  and  nests  in  gneiss  and 
crystalline  acliista.  also  in  serpentine  rocks;  often  intimately  associated  with  pyrite,  also 
with  siderite,  tetrahedrite,  etc.,  sometimes  with  nickel  and  cobalt  sulphides,  pyrrh'otite,  etc. 
Observed  coated  with  tetrahedrite  crystals  in  parallel  position,  also  as  a  coating  over  the 
latter.  Frequently  associated  with  sphalerite,  its  crystals  often  lying  with  parallel  orienta- 
tion upon  the  latter  mineral. 

Cnalcopyrit«  is  so  widely  distributed  as  an  ore  mineral  that  it  is  possible  to  mention 
here  only  those  occurrences  which  are  exceptional  either  because  of  their  siie  or  because  of 
the  quahty  of  the  minerals  found  in  them. 

It  is  the  {principal  ore  of  copper  at  the  Cornwall  mines;  there  associated  with  caasiterite, 
galena,  bomite,  chalcocite,  tetrahedrite,  sphalerite,  .^t  Falun,  Sweden,  it  occurs  in  lar^e 
niassea  embedded  in  gneias.    At  Rammebberg,  near  Goalar  in  the  Harz  Mts.,  Germany,  it 
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forma  a  bed  in  argillaceous  schist;  occurs  with  nickel  and  cobalt  ores  in  the  Kupferschiefer 
of  Mansfield.  In  Germany  the  Kurprins  mine  at  Freibm^  affords  well-definra  crystals; 
also  Horhausen,  Dillenburg,  Neudorf,  Mttsen.  Common  elsewhere  as  at  Mte.  Catini  in 
Tuscany;  Rio  Tinto,  Spain;  in  New.South  Wales;  Chile;  Japan,  etc. 

In  the  United  States  it  is  found  in  lam  crystaJs  associated  with  quartz  at  EUenville, 
N.  Y. ;  in  exceptional  crystals  at  the  French  Creek  mines,  Chester  Co.,  ra.,  associated  with 
pjrrite,  magnetite,  etc.;  in  Mo.,  with  sphalerite  at  Jophn;  at  various  localities  in  Gilpin 
and  other  counties  in  Col.  The  most  important  sulpnide  deposits  of  copper  in  mam*  of 
which  chalcopyrite  is  the  chief  ore  are  found  in  the  states  of  Arizona,  Montana,  Utah, 
Alaska,  Nevacb,  New  Mexico,  California,  and  Tennessee. 

In  Canada  there  are  important  copper  deposits  in  British  Columbia,  Ontario  and  Quebec, 

Use.  —  The  most  important  ore  of  copper. 

Named  from  xaX«of,  orasa,  and  pyriteSf  by  Henckel  (1725). 


D.    Disulphides,  Diarsenides,  etc. 

The  disulphides,  diarsenides,  etc.,  embrace  two  distinct  groups.  The 
prominent  metals  included  are  the  same  in  both,  viz. :  iron,  cobalt  and  nickel. 
The  groups  present,  therefore,  several  cases  of  isodimorphism,  as  is  shown  in 
the  lists  of  species  below.  These  sulphides  are  all  relatively  hard,  H.  =  5-6; 
they  hence  strike  fire  with  a  steel,  and  this  has  given  the  familiar  name  pyrites 
applied  to  most  of  them.  The  color  varies  between  pale  brass-yellow  and 
tin-white. 

Pyrite  Group.    RSi,RAst,Rdbt.    Isometric-p3rritohedral 

Pyrite  FeSs  Gersdorfflte  NiSs.NiAss 

Arsenoferrite  FeAst  Corynite  NiS2.Ni(As,Sb)s 

Cobaltnickelpyrite  (Co,Ni,Fe)Si  UUmannite  NiSs.NiSbs   (isometric- 
Hauertte                 MnSs  tetartohedral) 

Smaltite       CoAss^  also  (Co,Ni)  Ass  Spenylite  PtAsi 

Chloanthite  NiAsi,  also  (Ni,Co)  Ass  Laurite  RuSa? 
Cobaltite                       CoSs.CoAss 

Marcasite  Group*    RSs,  RASs,  etc.    Orthorhombic 

a  :b  :  c  llOAlTO       lOlAlOl 

Marcasdte  FeS,  07662  :  1  :  1-2342      74°  55'      116°  20' 

L511ingite  FeAs,  06689  :  1  :  12331      67°  33'      123°    3' 

Leucopjrrite  Fes  As4 

Arsenopyrite        FeSj.FeAst  0*6773  :  1  :  11882      68°  13'      120°  38' 

Danaite        (Fe,Co)S2.  (Fe,Co)  Ast 
Safflorite  CoAss 

Rammelsbergite .    NiAsj 

Glaucodot      (Co,Fe)S».(Co,Fe)Asj      06942  :  1  :  11925      69°  32'      119°  35' 
Anoclasite  (Co,Fe)  (As,Bi)S 

Wolfachite         NiS2.Ni(As,Sb)2 

The  Pyrite  Group  includes,  besides  the  compounds  of  Fe,  Co,  Ni,  also 
others  of  the  related  metals  Mn  and  Pt.  The  crystallization  is  isometric- 
pyritohedral. 

The  species  of  the  Marcasite  Group  crystallize  in  the  orthorhombic 
system  with  prismatic  angles  of  about  70°  and  110°  and  a  prominent  macro- 
dome  of  about  60°  and  120°.  Hence  fivefold  and  sixfold  repeated  twins  are 
common  with  several  species,  in  the  one  case  the  prism  and  in  the  other  the 
macrodome  named  being  the  twinning-plane. 
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Pyrite  Group 

PYMTE.    Iron  Pyrites. 

Isometric-pyritohedral.  Cube  and  pyritohedron  6(210)  the  common 
forms,  the  faces  of  both  often  with  striations  ||  edge  a(100)/€(210),  due  to 
oscillatory  combination  of  these  forms  and  tending  to  produce  rounded  faces; 
pyritohedral  faces  also  striated  ±  to  this  edge;  octahedron  also  common. 
See  Figs.  657-662,  also  Figs.  133-138,  pp.  65,  66.  Twins:  tw.  ax.=  a  crystal 
axis,  usually  penetration-twins  with  parallel  axes  (Fig.  407,  p.  166);  rarely 
contact-twins.  Frequently  massive,  fine  granular;  sometimes  subfibrous 
radiated;  reniform,  globular,  stalactitic. 

657  658  659 


660 
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Cleavage:  a(lOO),  o(lll),  indistinct.  Fracture  conchoidal  to  uneven. 
Brittle.  H.  =  6-^-5.  G.  =  4-95-510;  4-967  Trav«rsella,  5027  Elba.  Lus- 
ter metallic,  splendent  to  glistening.  -  Color  a  pale  brass-yellow,  nearly  uni- 
form.    Streak  greenish  black  or  brownish  black.     Opaque. 

Comp.  —  Iron  disulphide,  FeSa  =  Sulphur  534,  iron  466  =  100. 

Nickel,  cobalt,  and  thallium,  and  also  copper  in  sznall  quantities,  sometimes  replace  part 
of  the  iron,  or  else  occur  as  mixtures;  selemum  is  sometimes  present  in  traces.  Gold  is 
sometimes  distributed  invisibly  through  it,  auriferous  pyrite  being  an  important  source  of 
gold.  Arsenic  is*  rarely  present,  as  in  octahedral  crystals  from  French  Creek,  Pa.  (0*2 
p.  c.  As). 

Pyr.,  etc.  —  Easily  fusible,  (2*5-3).  Becomes  magnetic  on  heating  and  vields  sulphur 
dioxide.  Gives  an  abundant  sublimate  of  sulphur  in  the  closed  tube.  Insoluble  in  hydro- 
chloric acid.    The  fine  powder  is  completely  soluble  in  strong  nitric  acid . 

Diff.  —  Distinguished  from  chalcopyrite  by  its  greater  hardness  and  paler  color;  in 
form  and  specific  gravity  different  from  marcasite,  which  has  also  a  whiter  color. 

Micro.  —  In  polished  section  shows  a  cream  color  with  a  scratched  and  dull  surface. 
With  HNO«  effervesces  slowly  becoming  faintly  brown. 

Alteration.  —  P3mte  reactily  changes  by  oxidation  to  an  iron  sulphate  or  to  the  hy- 
drated  oxide,  limonite,  with  sulphuric  acid  set  free.  Cr^tals  of  pynte  which  have  been 
changed  on  their  surfaces  to  limonite  are  common.  This  change  may  continue  until  the 
original  mineral  has  completely  disappeared.  Large  masses  of  pyrite  lyin^  near  the  surface 
may  be  altered  to  a  cellular  mass  of  limonite  —  the  iron  gossan  of  the  mmers  —  while  the 
sulphuric  acid  set  free  travels  downward  and  enters  into  various  important  reactions  with 
the  unaltered  minerals  below.  The  alteration  of  pyrite  to  limonite  may  be  continued  until 
hematite  is  formed. 

Obs.  —  Experiments  show  that  pyrite  is  formed  in  neutral  or  alkaline  solutions  and  at 
high  temperatures.    Marcasite,  on  uie  other  hand,  is  deposited  from  acid  solutions  and 
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is  stable  onlv  at  temperatures  below  450^  C.  These  sulphides  can  be  fonned  through  the 
action  of  hydurogen  8U^)hidei  although  the  reducing  action  of  carbonaceous  materials  may  also 
at  times  be  of  importaoice.  Pyrite  occurs  in  rocks  of  all  ages  and  types,  being  most  common 
in  the  metamorpnic  and  sedimentary  rocks,  but  it  is  also  ^equently  found  as  a  minor  acces- 
sory constituent  of  igneous  rocks.  When  disseminated  in  the  rocks  it  usually  occurs  in 
small  crystals,  cubes,  octahedrons,  p3rritohedron6,  etc.,  but  in  veins  it  may  occur  in  crystals 
or  with  a  granular  or  radiating  massive  structure.  At  times  it  is  in  nodular  or  concre- 
tionary forms. 

Pyrite  is  very  widespread  in  its  occurrence,  being  the  most  conunon  sulphide  mineral. 
At  times  it  is  found  in  very  large  amounts  and  is  mined  for  its  sulphur  content  or  because 
it  contains  small  amounts  of  some  valuable  metal,  like  copper,  gold,  etc.  It  is  frequently 
found  in  crystals  with  a  fine  luster.  Some  of  ^the  more  notable  localities  for  its  occurrence 
are  given  below. 

Cnportant  oonunercial  deposits  of  pyrite  are  found  in  Norway,  Germany,  France, 
Italy,  Spain  and  Portu^.  The  mines  at  Rio  Tinto,  Spain,  are  especially  noteworthy. 
The  mineral  has  been  nuned  in  the  United  States  in  Louisa  and  Prince  William  Cos.,  Va.; 
in  St:  Lawrence  Co.,  N.  Y. j  at  Davis,  Mass.,  etc.  The  following  localities  furnish  exception- 
ally fine  crystalliiea  specunens:  Cornwall,  Eln^^land;  Traversella  and  Brosso,  Piedmont 
Italy;  Island  of  Elba;  Ardennes,  France,  in  distorted  cubes;  Minden,  Prussia,  in  inter- 
penetration  twins;  in  various  localities  in  Bohemia,  Hungary,  Germany,  Sweden,  etc.;  at 
Firmeza,  Cuba;  at  French  Creek,  Pa.,  in  pyramids  with  apparently  tetragonal  or  ortho- 
rhombic  symmetry;  at  Rossie  and  Scoharie,  N.  Y.;  Roxbury,  Conn.;  Franklin,  N.  J.; 
Gilpin  Co.  and  at  Leadville,  Col.;  Bin^am  Canyon,  Utah. 

The  name  pyrite  is  derived  from  Tvp.fire,  and  alludes  to  the  sparks  formed  when  the 
mineral  is  struck  with  a  hammer;  hence  tne  early  name  pyrUeSf  p.  376. 

Use.  —  Pyrite  often  carries  small  amoimts  of  copper  or  gold  and  becomes  an  impor- 
tant ore  of  these  metals.  It  is  also  mined  for  its  sulphur  content  which  is  used  in  the  form  of 
sulphur  dioxide  (used  in  the  preparation  of  wood  pulp  for  manufacture  into  paper),  as  sul- 
phuric acid  (usea  for  many  purposes,  especially  in  the  purification  of  kerosene  and  in  the 
preparation  of  mineral  fertilisers),  and  as  the  ferrous  sulphate,  copperas  (used  in  dyeing,  in 
inks,  as  a  wood  preservative,  and  as  a  disinfectant). 

Brav6ite  (Fe,Ni)Ss.  Contains  nearly  20  per  cent  nickel.  In  small  grains  and  crystal 
fra^ents,  apparently  octahedral.  Pale  yellow  with  a  faint  reddish  tarnish.  Occurs  dis- 
seminated through  the  vanadium  ores  at  Minasragra,  Peru. 

CobaltnickelpyTite.]    Iron   sulphide   with   about   20    per   cent   cobalt   and    nickel, 

g7o,Ni,Fe)Ss.    In  minute  pyritonedral  cmtals.    Steel-gray  color.    Gray-black  streak. 
.  «  6.    G.  =  4*716.    Foimdat  Mtisen,  Germany. 

Anenoferrite.  Iron  arsenide,  probably  FeAst.  Isometrio-p3nritohedral.  In  small 
crystals.  Color  dark  brown.  Fine  splinters  transparent  with  ruby-red  color.  From  the 
Binnental,  Switzerland. 

Hauerite.  —  Manganese  disulphide,  MnSt.    In  octahedral  or  pyritohedral  crystals; 
also  massive.    G.  =  3*46.    Color  reddish  brown  or  brownish  black.    From   KAlmlra 
Hungary;  Raddusa,  Catania,  Sicily. 

SlftALTTTB-CHLOANTHITE. 

Isometric-pyritohedral.  Commonly  massive;  in  reticulated  and  other 
imitative  shapes. 

Cleavage:  o(lll)  distinct;  a(lOO)  in  traces.  Fracture  granular  and 
uneven.  Brittle.  H.  =  5*5-6.  G.  =  6*4  to  6*6.  Luster  metallic.  Color 
tin-white,  inclining,  when  massive,  to  steel-gray,  sometimes  iridescent,  or 
grayish  from  tarnish.    Streak  gra3dsh  black.    Opaque. 

Comp.  —  Smaltite  is  essentially  cobalt  diarsenide,  CoAss  =  Arsenic 
71*8,  cobalt  28*2  =  100.  Chloanthite  is  nickel  diarsenide,  NiAs2  =  Arsenic 
71-9,  nickel  28-1  =  100. 

Cobalt  and  nickel  are  usually  both  present,  and  thus  these  two  species  graduate  into  each 
other,  and  no  sharp  line  can  be  drawn  between  them.  Iron  is  also  present  in  varying 
amount;  the  variety  of  chloanthite  containing  much  iron  has  been  c&Wea  chaihamite.  Fur- 
ther sulphur  is  usually  present,  but  only  in  small  quantities.  Many  analyses  do  not  conform 
even  approximately  to  the  formula  RAss,  the  ratio  rising  from  less  than  1  :  2  to  1  :  2-5  and 
nearly  1  :  3,  thus  showing  a  tendency  toward  skutterudite  (RAsi),  perhaps  due  to  either 
molecular  or  mechanical  mixture.    Microscopic  examination  of  polished  specimens  shows 
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probable  zoning  of  different  members  of  the  group.  Material  known  as  keweenavnie  is  a 
mixture  of  smaltite,  niccolite  and  domeykite. 

Much  that  has  b^n  called  smaltite  is  shown  by  the  high  specific  gravity  to  belong  to  the 
orthorhombic  species  safflorite. 

Pyr.,  etc.  —  In  the  closed  tube  gives  a  sublimate  of  metaUic  arsenic;  in  the  open 
tube  a  white  sublimate  of  arsenic  thoxide,  and  sometimes  traces  of  sulphur  dioxide.  B.B. 
on  charcoal  gives  a  coating  of  AssO»,  the  arsenical  odor,  and  fuses  to  a  globule,  which, 
treated  with  successive  portions  of  borax-glass,  affords  reactions  for  iron,  cobalt,  and  nickel. 

Obs.  —  Usually  occurs  in  veins,  accompanying  ores  of  cobalt  or  nickel,  and  ores  of 
silver  and  copper;  also,  in  some  instances,  with  niccoUte  and  arsenopyrite.  Found  at  the 
Saxon  mines;  Joachimstal,  Bohemia;  Wheal  Spamon,  Cornwall;  Riechelsdorf,  Hesse, 
Germany;  Tunaberg,  Sweden;  Allemont,  Daupnin6,  France;  Cobalt,  Ontario.  In  the 
United  States,  at  Chatham,  Conn.,  the  chathamite  occurs  in  mica  slate,  with  arsenopyrite 
and  niccoUte;  at  Franklin  Furnace,  N.  J. 

Use.  —  Ores  of  cobalt  and  nickel. 

cobalhte. 

Isometric-pyrithohedrai.  Commonly  in  cubes,  or  pyritohedrons,  or  com- 
binations resembling  common  forms  of  pyrite.  Also  granular  massive  to 
compact. 

Cleavage:  cubic,  rather  perfect.  Fracture  uneven.  Brittle.  H.  =  5-5. 
G.  =  6-6*3.  Luster  metallic.  Color  silver-white,  inclined  to  red;  also  steel- 
gray,  with  a  violet  tinge,  or  grayish  black  when  containing  much  iron.  Streak 
grayish  black. 

Comp.  —  Sulpharsenide  of  cobalt,  CoAsS  or  CoS^.CoAst  =  Sulphur  19*3, 
arsenic  45'2,  cobalt  35*5  =  100. 

Iron  is  pr^nt,  and  in  the  variety  ferrocobaUite  in  large  amount. 

Pyr.,  etc.  —  Unaltered  in  the  closed  tube.  In  the  open  tube  gives  sulphurous  fumes, 
and  a  crystalline  sublimate  of  arsenic  trioxide.  B.B.  on  charcoal  gives  off  sulphur  ana 
arsenic  oxides,  and  fuses  to  a  magnetic  globule;  with  borax  a  cobalt-biue  color.  Soluble  in 
warm  nitric  acid,  with  the  separation  of  sulphur. 

Obs.  —  Occurs  at  Tunaberg  and  Hakansbd  in  Sweden ;  at  the  Nordmark  minesj  also  at 
Skutterud  in  Norway;  at  Schladming,  Styria;  Siegen  in  Westphaha;  Botallack  mme,  near 
St.  Just,  in  Comwalf;  Khetri  mines,  Kajputana,  India;  Cobalt,  Ontario,  Canada. 

Use.  —  An  ore  of  cobalt. 

Geisdorffite.  Sulpharsenide  of  nickel.  NiAsS  or  NiSi.NiAsi.  Iron,  and  sometimes 
cobalt,  replace  more  or  less  of  the  nickel.  Isometric-p3nritohedral;  usually  massive. 
H.  =  5*6.  G.  =  5*6-6"2.  Color  silver-white  to  steel-gray.  From  Loos,  Sweden;  the 
Harz  Mts.,  and  Lobenstein,  Reuss-Schleiz.  Germany;  Schladming,  Styria;  Sudbury  and 
Algoma  districts,  Ontario;  Rossland,  Britisn  Columbia. 

CoRTNiTE  is  near  gersdorffite,  but  contains  also  antimony.  Probably  represents  a  mix- 
ture.    From  Olsa,  Carinthia. 

Wnfyaxnite.  —  CoSt.NiSi.CoSb3.NiSb3.  Cleavage  cubic.  Color  tin-white  to  steel-gi^ay- 
Broken  HHI  mines,  New  South  Wides. 

ViUamaninite.  Sulphide  of  Cu,Ni  with  smaller  amounts  of  Co,Fe.  H  »  4*6. 
G.  »=  4*4-4*5.  Color,  iron-blade.  In  irregular  groups  of  cubo-octahedral  crystals  and  in 
radiating  nodular  masses.  In  dolomite  from  Cdrmenes  district,  near  Villamanfn,  Plrov. 
Lton,  Spain. 

Ullmsnnite,  Sulphantimonide  of  nickel,  NiSbS  or  NiSi.NiSbs;  arsenic  is  usuaDy 
present  in  small  amount.  Isometric-tetartohedral ;  both  pyritohedral  and  tetrahedral  forms 
occur.  Usually  massive,  granular.  H.  =  5^5*5.  G.  =  6*2-6  7.  Color  steel-gray  to 
silver-white.  Occurs  in  the  mines  of  Siegen,  Prussia;  Ldlling,  Carinthia  (tetrahedral); 
Monte  Narba,  Sarrabus,  Sardinia  (pyritohedral). 

Kalulite.  Ni(Sb,Bi)S  or  NiSj.Ni(Sb,Bi)j.  Massive,  color  light  bluish  gray.  From 
the  Friedrich  mine  near  Schdnstein  a.  d.  Sieg,  Germany. 

Sperrylite.  —  Platinum  diarsenide,  PtAsi.  In  minute  cubes,  or  cubo-octahedrons  with 
at  times  smaU  pjrritohedral  or  diploid  faces.  H.  =  6^7.  G.  =  10'6.  Luster  metallic. 
Color  tin-white.  Streak  black.  Found  at  the  Vermillion  mine,  22  miles  west  of  Sudbury, 
Ontario,  Canada;  also  in  Macon  Co.,  N.  C.  Found  associated  with  covellite  at  the  Rambler 
mine,  Medicine  Bow  Mts.,  Wy.    This  is  the  only  known  native  compound  of  platinum. 
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Laurite.  Sulphide  of  nithuuum  and  oamium,  probably  eoKntially  RuS|.  In  minute 
octahedrons;  in  grains.  H.  >■  75.  G.  =  6'99.  Lust«r  metallic.  Color  dark  iron-black. 
From  the  platinum  washings  of  Borneo.     Also  reported  from  Ot^oq. 

Skuttemdite.  Cobalt  aiBenide,  CoAsi.  Isometric-pyritobedral.  'aIho  maaeive  granu- 
lar. Cleavage:  a(lOO),  distinct.  H.  =  6.  G.  =  6-72-086.  Color  between  tin-white 
and  pale  lead-gray.     From  Skuttenid,  Norway;  the  Turtmanntal,  Switserland. 

NlCKGL-sKDITBRUiirrB.  (Ni,Co,Fe)Asi.  Maaeive,  granular.  Color  gray.  I^Vom  near 
Silver  City,  N.  M. 

BisuuTO-SMALTTTE.  Co(A3,Bi)i-  A  skutterudlte  containing  bismuth.  Color  tin- 
white.     G.  -  6-92.     Zechorlau,  near  Schneeb^g,  Saiony. 

Marcasite  Group 

For  the  list  of  species  and  their  relationa,  see  p.  376. 

HARCASTTB.    White  iron  pyrites. 

Orthorhombic.     Axes  a  :b  :  c  =  07662  :  1  :  1-2342. 

mm"',  110  A  lIO  -    74°  6S'.  «',  Oil  A  Oil  -  101"  68'. 

«',       101  A  lOl  -  116°  20'.  «,  001  A  111  -=    63°  46'. 

Twins:  tw.  pi.  m(110},  sometimea  in  stellate  fivelings  (Fig.  436,  p.  169, 

cf.  Fig.  664);  abo  tw. 

***  pi.  e{101),  less  common, 

the  crystals  crossing  at 

angles    of   nearly   60°. 

M8  CiystaU    commonly 

^ -|;;->^  tabular   l|  c(OOl),   also 

/"^ — '^^-'T^i  pyramidal;-     the     bra- 

V"           "»       >:::^  chydomes     striated    |[ 

^•--J -6=^  edge6(010)/c(001).  Of- 

ten massive;  in  stalac- 
tites; alsoglobular,ren- 
iform,  and   other  imi- 
Foikestone  tative  shapes. 

Cleavage:  m(llO) 
rather  distinct;  1(011)  in  traces.  Fracture  uneven.  Brittle.  H.  =  6-6-5. 
G  =  4-85-4-90.  Luster  metallic.  Color  pale  bronze-yellow,  deepemi^  on 
exposure.     Streak  grayish  or  brownish  black.     Opaque. 

Comp.  —  Iron  disulphide,  like  pyrite,  FeSi  =  Sulphur  53-4,  iron  46-6 
=  100.     Arsenic  is  sometimes  present  in  small  amount. 

Var.  —  The  varieties  named  depend   mainly  on  state   of  crystalliiation.     Radiated: 
Radiated;  also  the  simple  crystals.     Cockscomb  Pj/rile:  Ara-egations  of  flattened  twin  crys- 
tals in  crest-like  forma.     Spear  Pyriie:   Twin  czyBtata,  with  rp-entering  angles  a  Mttle  hke 
the  head  of  a  spear  in  form.     (Fig.  664.)     Camuary:  In  capillary  crystalliiations. 
Pyr.,  etc.  ~  Like  pyrite.    Very  liable  to  aecomf>oBition,  more  so  than  pyrite. 
IMfl.  —  Reaemblea  pyrite,  but  has  a  lower  specific  gravity,  and  the  color  when  fre^ 

&g.,  after  treatment  with  acid)  is  paler;  when  crystalliied  easily  distinguished  by  the  forma. 
ore  subject  to  tarnish  and  final  deeompoaition  than  pyrite. 
Marcaait«  can  be  distinguished  chemically  from  pyrite  by  the  following  methods.  When 
both  minerals  are  finely  powdered  and  treated  with  a  little  concentrated  nitric  acid,  first 
in  the  cold  and  later,  aitCT  vigorous  action  has  ceased,  by  warming,  it  will  be  found  that  in 
the  case  of  pyrite  the  greater  pari^  of  the  sulphur  of  the  mineral  has  been  oxidised  and  taken 
into  solution  as  sulphuric  acid,  while  in  the  case  of  marcasite  most  of  the  sulphur  has  sep- 
arated in  a  free  state.  The  Stokes  method,  which  can  be  used  quantitatively  to  determine 
the  amounts  of  the  two  minerals  in  a  mixture,  depend-i  upon  the  difference  in  their  behavior 
when  boiled  with  a  standard  solution  of  ferric  sulphate.  In  the  case  of  pyrite  about  52  per 
cent  of  the  sulphur  is  oxidized  to  sulphuric  acid,  wMle  with  marcasite  only  about  12  per  cent 
is  nxidixed. 

Micro.  —  In  poUabed  sections  shows  a  cream  color  with  a  scratched  aod  dull  surface. 
'  With  HNO]  slowly  turns  brown  to  black  with  effervescence. 
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Alteretioii.  —  Marcaute  being  relatively  unstable  is  easily  altered.  Specimens  often 
disint^rate  with  the  formation  of  ferrous  sulphate  and  sulphuric  acid.  It  also  alt«n  to 
pyrite,  limonite,  etc. 

Obs.  —  Marcaaite  is  a  much  more  unstable  compound  than  pyrite  and  is  formed  under 
coroparjtivdy  limited  conditions.  £n>eTiment8  have  shown  that  it  is  deposit«d  at  tem- 
peratures below  450'  C.  and  in  acid  sofutiona.  The  higher  the  temperature  the  more  add 
must  the  solution  contain.  At  ordinary  temperatures  marcaaite  may  be  deposited  from 
nearly  neutral  solutions.  Marcasite  is  formed  in  general  under  surface  conditions,  while  in 
deep  veins  where  the  minerais  are  depoeited  from  ascoiding  hot  and  usually  alkaline  waters 
A  only  pyrite  is  found. 

*  Marcasite  occurs  abundantly  at  Littmitz  near  Carlsbad,  Bohemia.     Found  at  seveial 

localities  in  the  Hara  Mte.,  Germany.  In  its  cockscomb  form  occuts  at  Tavistock  in  Devon- 
ehire  and  as  Spear  Pyrites  in  the  chalk-marl  between  Folkestone  and  Dover,  England.  In 
the  United  States  a  notable  locality  is  at  Galena,  111.,  where  it  ocoure  in  stalactites  with 
concentric  layers  of  sphalerite  and  galena.  In  fine  ciystala  at  Mineral  Point,  Wis.;  in 
crystals  altered  to  limonite  from  Richland  Co.,  Wis.  Frequently  associated  with  galena, 
spnalerite  and  dolomite  from  the  Joplin  district,  Mo, 

The  word  marcasiU,  of  Arabic  or  Moorish  origin  (and  variously  used  by  old  writers,  for 
bismuth,  antimony),  was  the  name  of  common  crystallized  pyrite  among  miners  and  min- 
eralogists in  later  centuries,  until  near  the  close  of  the  eighteenth.  It  was  first  given  to  this 
species  by  Haidinger  in  1845. 

LSUmfite.  EsBeDtially  iron  diarsenide,  FeAsi,  but  passing  into  FeiAsi  i,leueopt/rUe); 
also  tendmg  toward  arsenopyritc  (FcAsS)  and  samoritc  (CoAsi).  Bismuth  and  antimony 
are  sometimes  present.  Usually  maaaiwe.  H.  •  5-6-5.  G.  —  7'0-7-4  chiefly,  also  6-8. 
Luster  metallic.  Color  between  silver-white  and  steel-gray.  Streak  parish  black. 
Occurs  in  the  LdlUng-Hattenberg  district  in  Carinthia.  Found  also  sparingly  m  a  number 
of  other  districts. 

Gi^niBiTE  is  near  Killingite,  but  contains  sulphiu-;  from  Geyer,  Saxony. 
ARSENOPYRITE,  or  Mibfickel. 
Orthorhombic.    Axes  a  :  6  :  c  =  06773  :  1  :  11882. 
mm'",  110  A  110  -    68°  13'. 
«e',  •    101  A  TOl  -  120*  38'. 
uu',      014  A  0t4  -    33'    6'. 
nn',     012  A  0l2  -    61*  26'. 
M',     on  A  Oil  =   WW. 


Twins:  tw,  pi.  m(llO),  eometimes  repeated  like  marcasite  (Figs.  667  and 
437,  p.  109);  e(lOl)  cruciform  twins,  also  trillings  (Figs.  432,  433,  p.  169). 
Crystals  prismatic  m(llO)  or  flattened  vertically  by  the  oscillatory  combina- 
tion of  brachydomes.  Also  columnar,  straight,  and  divergent;  granular,  or 
compact. 

Cleavage:  m(llO)  rather  distinct;  c(OOl)  in  faint  traces.  Fracture 
uneven.  Brittle.  H.  =  5-5-6.  G.  =  5  9-6  2.  Luster  metallic.  Color  sil- 
ver-white, inclining  to  steel-ip'ay.     Streak  dark  grayish  black.     Opaque. 

Comp.  —  Sulpharsenide  of  iron,  FeAsS  or  Fe^.FeAfli  =  Arsenio  46*0,  eul- 
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phur  19*7,  iron  34*3  «  100.    Part  of  the  iron  is  sometimes  replaced  by  cobalt^ 
as  in  the  variety  danaite  (3  to  9  p.  c.  Co). 

Pyr.9  etc  —  In  the  closed  tube  may  give  at  fint  a  little  yellow  8ul|^de  of  arBenic  and 
then  a  conspicuous  sublimate  of  metallic  arsenic  which  is  of  bright  nay  crystals  near  the 
heated  end  and  of  a  brilliant  black  amorphous  deposit  farther  away.  In  the  open  tube  gives 
sulphurous  f  limes  and  a  white  sublimate  of  arsenic  trioxide.  B.B.  on  charcoal  gives  arsenical 
fumes  and  a  magnetic  globule.    Decomposed  by  nitric  acid  with  the  separation  of  sulphur. 

DJff.  -^  Characterized  by  its  hardness  and  tin-white  color;  closely  resembles  some  of 
the  sulphides  and  arsenides  of  cobalt  and  nickel,  but  identified,  in  most  cases  easily,  by  its 
blowpipe  characters.    Ldllingite  does  not  give  a  decided  sulphur  reaction. 

Micro.  —  In  polished  sections  shows  a  white  color  with  scratched  and  duU  surface. 
With  HNOi  darkens  ciuicklv  through  iridescent  colors  to  brown,  showing  rough  surface. 

Obs.  —  Found  principally  in  crystalline  rocks,  its  usual  mineral  associates  being  ores  of 
silver,  lead,  and  tin,  also  pyrite,  chalcopyrite,  ana  sphalerite.  Abundant  at  Freiberg,  etc., 
in  Saxony;  at  Andreasberg,  Harz  Mts.,  Germany;  Sala,  Sweden:  Skutterud,  Norway;  at 
several  pomts  in  Cornwall.  In  crystals  in  the  Binnental,  Switxerland.  Crystals  of  danaite 
from  Sulitjelma,  Finland. 

In  the  United  States,  in  N.  H.,  in  gneiss,  at  Franconia  (danaite).  In  Conn.,  at  Mine 
Hill,  Roxbury,  with  siderite.  In  crystals  at  Canton,  Ga.;  LeadviUe,  Col.  In  twin  crys- 
tals in  quartz  ore  veins  at  Deloro,  Hastings  Co.,'  Ontario. 

The  name  mispickel  is  an  old  German  term  of  doubtful  origin.  Danaite  is  from  J.  Free- 
man Dana  of  Boston  (1793-1827),  who  made  known  the  Franconia  locality. 

Use.  —  An  ore  of  arsenic. 

Safflorite.  Like  smaltite,  essentially  cobalt  diaisenide,  CoAst.  Form  near  that  of 
araenopyrite.  Usually  massive.  H.  *»  4*5-5.  G.  »  6*9-7'3.  Color  tin-white,  soon  tar- 
nishing. From  Germany  at  Schneeberg,  Saxony;  Bieber,  Hesse;  Wittichen,  Baden; 
from  Tunaberg,  Sweden. 

Rammelsbergite.  Essentially  nickel  diarsenide,  NiAsi,  like  chloanthite.  Crystals 
resembling  arsenopyrite;  also  massive.  G.  »  6 '9^-7*2.  Color  tin-white  with  tinge  of  red. 
Occurs  at  Schneeb^,  Saxony,  and  at  Riechelsdorf,  Hesse,  Germany. 

Glaucodot.  Sulpharsenide  of  cobalt  and  iron,  (Co,Fe)A8S.  In  orthorhombic  crystals 
(axes,  etc.,  p.  376).  Also  massive.  H.  »  5.  G.  «  ^'90-6*01.  Luster  metallic.  Color 
grayish  tin-white.  Occurs  in  the  province  of  Huasco,  Chile;  at  Hakansbd,  Sweden. 
Named  from  TXaucos,  MuCf  because  used  for  making  smalt. 

Alloclasite.  Probably  glaucodot  containing  bismuth  and  other  impurities.  Com- 
monly in  columnar  to  hemispherical  aggregates.  H.  »  4*5.  G.  =6*6.  Color  steel-gray. 
From  Orawitza,  Hungary. 

Wolfachite.  Probably  Ni(As.Sb)S,  near  corynite.  In  small  crystals  resembling  arse- 
nopyrite: also  columnar  radiated.  H.  =  4-5-5.  G.  *  6*372.  Color  silver-white  to  tin- 
white.    From  Wolfach,  Baden,  Germany. 

Melonite.  A  nickel  telluride,  NiTci.  In  indistinct  granular  and  foliated  particles. 
Color  reddish  white,  with  metallic  luster.  From  the  Stanislaus  mine,  Cal.;  probably  also 
in  Boulder  Co.,  Col.    Found  at  Worturpa,  New  South  Wales. 


The  following  species  are  tellurides  of  gold,  silver,  etc. 

SYLVAWTTE.    Graphic  TeUurium. 

Monoclinic.  a  :  6  :  c  =  1-6339  : 1  :  11265;  fi  =  89°  35'.  Often  in  branch- 
ing arborescent  forms  resembling  written  characters;  also  bladed  and  imper- 
fectly columnar  to  granular. 

.Cleavage:  6(010)  perfect.  Fracture  uneven.  Brittle.  H.  =  1-6-2. 
G.  =  7-9-8-3.  Luster  metallic,  brilliant.  Color  and  streak  pure  steel-gray 
to  silver-white,  inclining  to  yellow. 

Comp.  —  Telluride  of  gold  and  silver  (Au,Ag)Te2  with  Au  :  Ag  =  1  : 1; 
this  requires:  Tellurium  621,  gold  24-5,  silver  13-4  =  100. 

Pyr.,  etc.  —  When  a  little  of  the  powdered  mineral  is  heated  in  concentrated  sulphuric 
acid  a  reddkh  violet  color  is  given  to  the  solution.  When  treated  with  nitric  acid  is  decom- 
posed leaving  residue  of  rusty  colored  gold.    A  few  drops  of  hydrochloric  acid  added  to  this 
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solution  vield  an  abundant  precipitate  of  silver  chloride.  In  the  open  tube  i^ves  a  White  sub- 
limate of  tellurium  dioxide  which  near  the  assay  is  gray :  when  treated  with  the  blowpipe 
flame  the  sublimate  fuses  to  clear  transparent  drops.  B.B.  on  charcoal  fuses  to  a  dark  gray 
globule,  covering  the  coal  with  a  white  coating,  which  treated  in  R.F.  disappears,  giving  a 
Bluish  green  color  to  the  flame;  after  long  blowing  a  yellow,  malleable  metallic  globule  is 
obtained. 

Obs.  —  With  gold,  at  Offenb&nya,  Transylvania;  also  at  Nagy^.  With  calaverite  at 
Kalgoorlie  district,  West  Australia.  In  Cal.,  Calaveras  Co.,  at  the  Melones  and  Stanislaus 
mines.  In  Boulder  Co.,  at  Cripple  Creek  and  elsewhere  in  Col.  Named  from  Transyl- 
vania, where  first  found,  and  in  allusion  to  syltfaniumf  one  of  the  names  at  first  proposed 
for  the  metal  tellurium. 

Use.  —  An  ore  of  gold 

Krennerite.  A  telluride  of  sold  and  silver  (Au,Ag)Tes  like  sylvanite.  In  prismatic 
crystals  (orthorhombic),  verticiuly  striated.  G.  «  8*353.  Color  silver-white  to  brass- 
yellow.    From  Nagy^,  Transylvania;  Cripple  Creek,  Col. 

Calaverite.  A  gold  telluride.  AuTes  with  small  amounts  of  silver.  Monoclinic.  In 
small  lath-shaped  crystals  striatea  parallel  to  their  length.  Massive  granular  to  cr^'stalline. 
H.  »  2*5.  G:  -*  9*043.  Color  silver-white  with  often  a  faint  yellow  tin^.  Tests  similar 
to  those  for  sylvanite  with  smaller  amount  of  silver  showing.  Occurs  with  petzite  at  the 
Stanislaus  mine,  Calaveras  county,  Cal.  An  important  gold  ore  at  the  Cripple  Creek  dis- 
trict. Col.  Found  elsewhere  in  that  state.  Occurs  abundimtly  at  Kalgoorlie,  West 
Australia. 

Mtttlmuuiiiite.  (Ag,Au)Te.  In  tabular  crystals  usually  elongated  in  one  direction. 
One  perfect  cleavage  piu*alld  to  elongation.  H.  »  2*5.  Color  bright  brass-yellow,  on  fresh 
fracture  gray-white.  Probably  from  Nagy^,  Transylvania.  Empreuitef  AgTe,  from  the 
Empress-Josephine  mine,  in  the  Kerber  CSeek  District,  Col.,  is  probably  a  gold-free 
variety.     Massive.    H.  =  3-3*5.    G.  «  7*5.    Color  pale  bronxe. 

Na|Qragite.  A  sulpho-telluride  of  lead  and  gold;  some  analyses  show  also  about  7  p.  c. 
of  antunony  which  was  probably  due  to  impurities.  Orthorhombic.  Crystals  tabular 
11  6(010);  also  granular  massive,  foliated.  Cleavage:  b  p^ect:  flexible.  H.  »  1-1*5. 
G.  »  6*85-7*2.  Luster  metallic,  splendent.  Streak  and  color  blackish  lead-miy.  Opaque. 
From  Nagy^,  Transylvania;  and  at  Offenbdnya.  Reported]  from  Colorado  and  Tararu 
Creek,  New  Zealand. 

Oxy8ulphide8 

Here  are  included  Kermesite,  SbsS20,  and  Voltzite,  ZncS40. 

Kennedte.  Pyrostibite.  Antimony  oxysulphide,  SbiSfO  or  2Sb^i.SbsOa.  Mono- 
clinic.  Usually  in  tufts  of  capillary  crystals.  Cleavage:  a(lOO)  perfect.  H.  =  1-1*5. 
G.  —  4*5-4*6.    Luster  adamantine.    Color  cherry-red. 

Results  from  the  alteration  of  stibnite.  Occurs  at  Malaczka,  Huneary;  Brftunsdorf, 
Saxony;  Allemont,  Dauphin6,  France.  At  iSouth  Ham,  Wolfe  Co.,  Queoec,  Canada;  with 
native  antimony  and  stibnite  at  the  Prince  William  mine,  York  Co.,  New  Brunswick. 

Named  from  kermes,  a  name  given  (from  the  Persian  qwrmizq.  crimson)  in  the  older 
chemistry  to  red  amorpnous  antimony  trisulphide.  often  mixed  with  antimony  trioxide. 

VolMte.  Zinc  oxysulphide,  ZnsS^O  or  4ZnS.ZnO.  In  implanted  spherical  globules. 
H.  a>  4-4*5.  G.  »  3*66-3*80.  Color  dirty  rose-red,  yellowish.  Occurs  near  Pontgibaud, 
Puy-de-D6me,  France;  Joachimstal,  Bohemia;  Marienberg,  Saxony,  Germany. 


m.  SULPHO-SALTS 
I.  Sulpharsenites,  Sulphantimonites,  Sulphobismuthites. 
n.  Siilpharsenates,  Sulphostannates,  etc. 


I.  Sulpharsenites,  SulphantimoniteSy  etc. 

In  these  sulpho-salts,  as  further  explained  on  p.  320,  sulphur  takes  the 
place  of  the  oxygen  in  the  commoner  and  better  understood  oxygen  acids  (as 
carbonic  acid,  HsCOs,  sulphuric  acid,  H4SO4,  phosphoric  acid,  H8PO4,  etc.). 

The  species  included  are  salts  of  the  sulpho-acids  of  trivalent  arsenic, 
antimony  and  bismuth.    The  most  important  acids  are  the  ortho-acids, 
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HsAsSs,  etc.,  and  the  meta-acids,  HiAsSs,  etc.;  but  H4A8SSB7  etc.,  and  a  series 
of  others  are  included.  The  metals  present  as  bases  are  chiefly  copper,  silver, 
lead;  also  zinc,  mercury ,  iron,  rarely  others  (as  nickel,  cobalt)  in  small  amount. 
In  view  of  the  hypothetical  character  of  many  of  the  acids  whose  salts  are  here 
represented,  there  is  a  certain  advantage,  for  the  sake  of  comparison,  in  writi  ig 
the  composition  after  the  dualistic  method,  RS.AS3S3,  2RS.AssS3,  etc. 

As  a  large  part  of  the  species  here  included  are  rare  and  hence  to  be  men- 
tioned but  briefly,  the  classification  can  be  only  partially  developed.  The 
divisions  under  the  first  and  more  important  section  of  sulpharsenites,  etc., 
with  the  prominent  species  under  each,  are  as  follows: 

A.  Acidic  Division.  RS  :  (As,Sb,Bi)sSs  »  1  :  3,  1  :  2,  2  :  3,  3  :  4,  4  :  5. 

B.  Mela-  Division.         JIS  :  (As,Sb,Bi)sSs  »  1  : 1. 

General  formula:  RAssS4,RSbsS4,RBi2S4. 

Zinkenite  Group 

PbS.SbsSi  Emplectite       CusS.BisSs 

PbS.AssSs  Chalcostibite    CusS.SbsSs,  etc. 


Sartoiite 

Also 
Miargyrite 


AgsS.SbzSs 


Lorandite 


TlzS.AssSs 


RS  :  (As,Sb,Bi),S,  =  5  : 4,  3  : 2,  2  :  1,  5  : 2 


C.  Intermediate  Division. 

Here  belong 
Plagionite  5PbS.4SbsSs. 

3(Ag2,Pb)S.2BisSt      ElaprothoUte   3CusS.2BisSs,  etc. 


2PbS.Bi2S8,  etc, 
5PbS.2Sb,S, 


Jamesonite  Group 

Jamesonite  2PbS.Sb2S8  Cosalite 

Dufrenoysite  2PbS.A82Ss 

Also  Freieslebenite  5(Ag2,Pb)S.2SbsSs      Boulangerite 


D.  Ortho-  Division.  RS  :  (As,Sb,Bi),S,  =3:1 

II  n  n 

General  formula:      RsAsSsjRgSbSt;  RgAssSeyRtSbiSs,  etc. 


Boumonite 

Seligmannite 

Aikinite 


Bourru>nite  Group 

3(Cu2,Pb)S.Sb,S8        Wittichenite 
3(Cu8,Pb)S.AssS,         Lillianite 
3(Pb,Cu2)S.Bi2S8 


3Cu2S.Bi2Si 
3PbS.Bi3Ss,  etc. 


Pyrargyrite  Group 

Pyrargyrite  3Ag2S.Sb,S,  Proustite         3Ag2S.AsA 

E.  Basic  Division.  RS  :  (As,Sb,Bi)2S|  =  4  :  1,  5  :  1,  6  : 1,  9  : 1,  12  :  1 


Tetrahedrite 


Tetrahedrite  Group 

4Cu2S.SbsS, 


4CuiS.A8sS« 
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Jordanite  Group 

Jordanite  4PbS.A8sS8  Meneghinite  4PbS.SbsSs 

Also 

Geocronite  SPbS.SbsSa  Stephanite  SAgsS.SbaSs 

Kilbiickenite  GPbS.SbsS,  Beegerite  GPbS.BijSs 

Polylmsite  Group 
Polybasite  9AgsS.SbsS,  Pearceite         9AgsS.AsiSs 

Polyargyrite  12Ag2S.SbsSs 


A.  Acidic  Division 


Eichbereite.     (Cu,Fe)iS.3(Bi,Sb)iSt.    Color  iron-gray.     H.  >  6.    G. ->  5'36.     From 
Eichberg,  ^mmering  district,  Austria. 

Liyingstonite.    HgS.2Sb3S|.    Resembles  stibnite  in  form.    Color  lead-gray;  streak 
red.     H.  =  2.    G.  =  4*81.    From  Huitzuoo,  Mexico. 

Histrizite.    5CuFeSs.2SbtSt.7BiiS«.    Orthorhombic.    In  radiating  aroups  of  prismatic 
crystals.    H.  =  2.    Color  and  streak  steel-gray.    Found  at  Ringville,  Tasmania. 

Chiviatite.    2PbS.3Bi)S|.    Foliated  massive.    Color  lead-gray.    From  Chiviato,  Peru. 

Cuprobismutite.    Probably  3CutS.4BisSti  in  part  argentiferous.    Resembles  bismuth- 
inite.    G.  =  6-3-6-7.    Fiom  Hall  valley,  Park  Co.,  Col. 

Rezbanyite.    4PbS.5BisSt.    Fine-granular,  massive.    Color  lead-gray.    G.  « 6*1-6*4. 
From  Rezl>anya,  Hungary. 


B.  Meta-  Division.    RS.AssSs,  BS.SbsSs,  etc. 

Zinkenite  Group*    Orthorhombic 
ZINKENITE.    Zinckenite. 

Orthorhombic.  Axes  a  :b  :  c  =  0*5575  : 1  :  0*6363.  Crystals  seldom  dis- 
tinct; sometimes  in  nearly  hexagonal  forms  through  twinning.  Lateral  faces 
longitudinally  striated.    Also  columnar,  fibrous,  massive. 

Cleavage  not  distinct.  Fracture  slightly  uneven.  H.  =  3-3*5.  G.  = 
5*30-5*35'    Luster  metallic.    Color  and  streak  steel-gray.    Opaque. 

.  Comp.  —  PbSb2S4  or  PbS.SbjSa  =  Sulphur  22*3,  antimony  41 '8,  lead 
35*9  =  100.    Arsenic  sometimes  replaces  part  of  the  antimony. 

Pyr..  etc.  —  Decrepitates  and  fuses  very  easily;  in  the  closed  tube  gives  a  faint  subli- 
mate of  sulphur,  and  antimony  trisulphide.  In  the  open  tube  sulphurous  fumes  and  a 
whitesublimateof  oxide  of  antimony;  the  arsenical  variety  gives  also  arsenical  fiunes.  On 
charcoal  is  almost  entirely  volatilized,  giving  a  coating  which  on  the  outer  edge  is  white, 
and  near  the  assay  dark  yellow;  with  soda  in  R.F.  yields  globules  of  lead.  Soluble  in  hot 
hydrochloric  acid  with  evolution  of  hydrogen  sulphide  and  separation  of  lead  chloride  on 
cooling. 

Obs.  —  Occurs  at  Wolfsberg  in  the  Harz  Mts.;  Kinzigtal,  Baden;  Val  Sugana,  Tyrol; 
Onuro,  Bolivia;  Sevier  County,  Ark.;  San  Juan  Co.,  Col. 

Andorite.  AgiS.2PbS.3SbsS|.  In  prismatic,  orthorhombic  crystals.  H.  »  3-3*5. 
G.  =  5 '5.  Color  dark  gray  to  black.  From  Felsdbinya,  Hungary;  Oruro,  Bolivia. 
Webnerite  and  Sundlite  are  identical  with  andorite. 

Sartorite.  PbS.  AssSs.  In  slender,  striated  crystals,  probably  monoclinic.  G.  =  5*4. 
Color  dark  lead-gtay.    Occurs  in  the  dolomite  of  the  Binnental. 

Plat3rnite.  PbS.Bi«Sei.  Rhombohedral.  Basal  and  rhombohedral  cleavages.  H.  » 
2-3.  G.  »  7*98.  Color  like  graphite.  Streak  shining.  In  small  lamells  in  quartz  at 
Falun,  Sweden. 
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Emplectite.  Cu^.BiA.  In  thin  striated  prisms.  G.  =  6*3-^*5.  Color  grayish  white 
to  tin-white.    Occurs  in  quartz  at  Schwarzenberg  and  Annaberg,  Saxony. 

Chalcostibite.  Wolfsbergite.  CutS.SbsSt.  In  small  aggregated  prisms;  also  fine 
granular,  massive.  G.  »  4*75-5*0.  Color  between  lead-gray  and  iron-gray.  FromWolf»- 
berg  in  tne  Harz  Mts.;  from  Huanchaca,  Bolivia.    GuejariU  from  Spain  is  the  same  species. 

Galenobismutite.  PbS.BisSs;  also  with  Ag,Cu.  Crvstalline  columnar  to  ccxnpact. 
Color  lead-gray  to  tin-white.  G.  »  ti'9.  From  Nordmark,  Sweden;  Pou^ikeepsie  Gulch, 
Col.  (alaakaUe,  argentiferous);  material  from  Falun,  Sweden,  containing  sdenium  has  been 
named  weibuUiU  and  given  the  formula,  2PbS.Bi^^es. 

Bertiiierite.    FeS.SbsSi.    Fibrous  massive,   granular.    G.  »  4*0.    Color  dark   steel- 

g-ay.    From  Chazelles  and  Martouret,  Auvergne,  France;  Charbes,  Val  de  Vill^,  Alsace; 
r&unsdorf.  Saxony,  etc. 

Matildite.  AgsS.BijSi.  In  slender,  prismatic  crystals.  G.  « 6-9.  Color  gray. 
From  Morochoca,  Peru;  Lake]  City,  Col.  PLENABOTRrrE,  nt)m  Schi^bach,  Baden, 
similar  in  composition,  has  been  shown  to  be  a  mixture. 


Miargyrite.  AgsS.Sb|S|.  In  complex  monoclinic  crystals,  also  massive.  H.  =  2-2-5. 
G.  B  5'l-5'30.  Luster  metaUic-adamantine.  Color  iron-black  to  steel-gray,  in  thin  splin- 
ters deep  blood-red.  Streak  cherry-red.  From  Braunsdorf,  Saxonj^;  Felsdbdnya  and 
Nagybinya,  Hungary;  Pribram,  Bohemia;  Zacatecas,  Mexico;  BoHvia. 

Smi^te.  AgsS.SbsS|.  Monoclinic.  Crystals  resemble  a  flattened  hexagonal  pyra- 
mid. One  perfect  cleavage.  H.  »  1*5-2.  G.  «  4*9.  Color  Hght  red  changing  to  orange- 
red  on  exposure  to  light.    Streak  vermflion.    From  the  Binnental,  Switzerland. 

Trechinanite.  AgtS.AssSi.  Rhombohedral,  tetartohedral.  Cr3rstal8  minute  with  pris- 
matic habit.  Good  rhombohedral  cleavage.  H.  —  1*5-2.  Color  and  streak  scarlet- 
vermilion.    From  the  Binnental,  Switzerland. 

Lorandite.  A  sulpharsenide  of  thallium,  TlAsSs.  Monoclinic.  Color  cochineal-red. 
From  Allchar,  Macedonia;  Rambler  mine,  EIncampment,  Wy. 

Vrbaite.  TlAstSbSi.  Orthorhombic.  H.  =  3*5.  G.  =  6*3.  Color  gray-black  to 
dark  red  in  thin  splinters.    Streak  light  red.    From  Allchar,  Macedonia. 

Hutchinaonite.  (Tl,Ag,Cu)flS.AsiS,+PbS.AssS,(?).  Orthorhombic.  In  flattened  rhom- 
bic OTisms.  Cleavage  a(lOO)  good.  H.  »  1*5-2.  G.  »  4*6.  Color  scarlet  to  red.  From 
the  Biimental,  Switzerland. 


C.   Intermediate  Division 

Baumhauerite,  4PbS.3A89Ss.  Monoclinic.  In  complex  crvstals  with  varied  habit. 
One  perfect  cleavage.  H.  »  3.  G.  —  3*3.  Metallic.  Color  lead  to  steel-gray.  From 
the  Binnental,  Switzerland.  

• 

Schirmerite.  3(Agt,Pb)S.2BisSs.  Massive,  granular.  G.  =  6*74.  Color  lead-gray. 
Treasury  lode,  Park  Co.,  Col. 

Klafrotholite.  3CusS.Bi)S|.  In  furrowed  prismatic  crvstals.  G.  —  4*6.  Color 
steel-gray.    Wittichen,  Baden.     Probably  a  mixture  and  not  a  definite  species. 

Rathite.  3PbS.2A8tSt.  Orthorhombic,  in  prismatic  crystals.  Cleavage,  6(010). 
H.  a  3.    G.  »  5*41.    From  the  Binnental,  Switzerland.     WUtshireite  is  the  same  species. 


Jamesonite  Group.    2RS.AssS8,  2RS.SbsS3,  etc.    Monoclinic 

JAMESONITB. 

Monoclinic.  Axes:  a  :  6  :  c  =  0*8316  :  1  :  0*4260.  /3  =  SS**  36'.  mm'" 
110  A  iTO  =  79°  28'.  In  acicular  crystals;  common  in  capillary  forms;  also 
fibrous  massive,  parallel  or  divergent;  compact  massive. 

Cleavage:  basal,  perfect.  Fracture  uneven  to  conchoidal.  Brittle. 
H.  =  2-3.  G.  =  5*5-6*0.  Luster  metallic.  Color  steel-gray  to  dark  lead- 
gray.     Streak  grayish  black.     Opaque. 

Cpmp.  —  Pb2Sb2S5  or  2PbS.Sb2S8  =  Sulphur  197,  antimony  29*5,  lead 


SULPHO-SALT8  387 

50*8  =  100.    Most  varieties  show  a  little  iron  (1  to  3  p.  c.)>  and  some  contain 
also  silver,  copper,  and  zinc. 

It  has  been  susgested  that  the  iron  shown  by  the  analyses  is  an  integral  part  of  the 
mineral  and  that  the  formula  should  be  4PbS.Fe0.3Sb&  and  that  the  usual  jamesonite  for- 
mula, 2PbS.SbiSt,  belong  to  the  material  commonly  called  plumosite. 

Pyr.  —  Same  as  for  zmkenite,  p.  385. 

Ods.  —  Occurs  principally  in  Cornwall;  also  in  Siberia;  Himgary;  at  Valentia  d' Al- 
cantara in  Spain;  at  the  antimony  mines  in  Sevier  Co.,  Ark.;  from  Bolivia.  Named  after 
Prof.  Robert  Jameson  of  Edinburgh  (1774-1854). 

The  feather ^  ore  occurs  at  Wolfsberg,  etc.,  in  the  Hars  Mts. ;  Freiberg,  Germany;  Schem- 
nitz,  Hungary*  in  Tuscany,  near  Bottmo,  Italy.  These  so-called  feather  ores  may  be  di- 
vided into  flexible  and  brittle,  all  the  latter  bemg  referred  to  jamesonite  and  the  former  to 
either  zinkenite,  plumosite,  boulangerite.  or  mene^hinite. 

Warreniie  has  been  shown  to  probably  be  a  mixture  of  jamesonite  and  linkenite. 

Diifrenoysite.  2PbS.AssSi.  In  highly  modified  crystals:  also  massive.  Cleavage: 
6(010)  perfect.  H.  «  3.  G.  =  5-55-5'57.  Color  blackish  lead-gray.  From  the  Bin- 
nental,  Switzerland,  in  dolomite. 

Cosalite.  2PbS.BisSt.  Usually  massive,  fibrous  or  radiated.  G.  ->  6'3»-6'75.  Color 
lead-  or  steel-gray.  Coeala,  Province  of  Sinaloa,  Mexico;  Bjelke  mine  (bjelkite),  Nord- 
mark,  Sweden;  Deer  Park,  Wash.;  Col. 

KobeUite.  2PbS.(Bi,Sb)sSs.  Fibrous  radiated  or  granular  massive.  G.  »  6*3.  Cok>r 
lead-gray  to  steel-gray.    From  Hvena,  Sweden;  Ouray,  Col. 

Brongniardite.  Lead,  silver,  antimony  sulphide.  Shown  in  some  cases  to  be  a 
mixture.    A  doubtful  species. 

Plagionite.  Heteromorphite.  Semsoyite.  Lead,  antimony  sulphides  randng  from 
5PbS4.Sb3Si  to  9PbS.4SbsSi.  Perhaps  a  morphqtropic  series  with  the  verticafcrystano- 
graphic  axis  increasing  in  length  with  increase  in  the  percentage  of  lead.  Monoclinic. 
G.  =  6*4-5'9.  Plagionite  from  Wolfsberg,  Harz  Mts.:  heteromorphite  from  Amsberg, 
Westphalia;  semseyite  from  Felsdbdnya,  Hungary  and  Wolfsberg.  LiveinpiU  from  the 
Binnental,  Switzerland,  is  said  to  have  the  same  composition  as  plagionite.  BismnUh 
vlagianitey  a  variety  containing  bismuth  instead  of  antimony.  From  Wickes,  Jefferson 
Co.,  Mon. 

ScBAFBACHrrB.  A  lead,  silver,  bismuth  sulphide.  From  Schapbach,  Baden.  Shown  to 
be  a  mixture. 


FREIESLEBENITB. 

Monoclinic.  Axes  a:  b:  c^  0-5871  :  1  :  0-9277;  P  =  87°  46'.  Habit 
prismatic.  G.  =  6"2-6'4.  Luster  metallic.  Color  and  streak  light  steel- 
gray  inclining  to  silver-white,  also  to  blackish  lead-gray. 

Comp.  —  (Pb, Ag2)6Sb4Sii  or  5(Pb,Ag2)S.2SbaS8. 

Obs.  ~  From  Freiberg,  Saxony;  Kapnik  and  Felsobtoya,  Hungary;  Hiendelencina, 
Spain;  also  from  the  Augusta  Mt.,  Gunnison  Co.,  Col. 

Dianhorite.  Like  freieslebenite  in  composition  but  orthorhombic  in  form.  G.  »  6'9. 
From  Pribram,  Bohemia;  Lake  Chelan  district,  Wash. 

BOULANGERITE. 

Orthorhombic.  Axes a:b:c  =  0*5527  : 1 ; 07478.  In  prismatic  or  tabu- 
lar crystals  or  crystalline  plumose  masses;  granular,  compact.  H.  =  2*5-3. 
G.  =  6-18.  Luster  metallic.  Color  bluish  lead-gray;  often  covered  with 
yellow  spots  from  oxidation.     Opaque. 

Comp.  —  Pb8Sb4Sii  or  5PbS.2Sb2S,  =  Sulphur  18-9,  antimony  257,  lead 
55-4  =  100. 

Pyr.  —  Same  as  for  zinkenite,  p.  385. 

Otw.  —  In  good  crystals  from  SaJa,  Sweden;  Moliires,  Depart,  du  Card.  France;  at 
Nerchinsk,  Siberia;  Wolfsberg  in  the  Harz  Mts.  Pribram,  Bohemia;  near  Bottino,  Tus- 
cany, Italy.    Echo  District,  Union  county,  Nev. 

Embrilhite  and  plumbosltb  are  from  Nerchinsk;  they  correspond  nearly  to  10Pb8.3SbiSt, 
but  the  material  analyzed  may  not  have  been  quite  pure. 
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MuUanite.  5PbS.2SbA.  In  slender  orthorhombic  (7)  prisms.  Cleavage,  c(001)  and 
6(010).  Color,  steel-gray.  Streak,  brownish  black.  H.  »  3'5.  G  -  6*35.  Found  at 
Gold  Hunter  mine,  near  MuUan,  Idaho,  and  at  Iron  Mountain  mine,  near  Superior,  Mon. 


D.  Ortho-  Division.    SRS.AssSs,  SRS.SbsSt,  etc. 

Bournonite  Group.    Orthorhombic.    Prismatic  angle  86°  to  87* 

BOURNONITB.    Wheel  Ore. 
Orthorhombic.    Axes:  a  :  6  :  c  =  0*9380  : 1  :  08969. 


mm'",  110  A  ITO  =  86*»  20' 
CO,        001  A  101  =  43**  43' 

668  669 


Harz 


Kapnik 


en,  001  A  Oil  =  41**  53' 
cu,  001  A  112  -  33**  15' 

Twins:  tw.  pi.  m(llO), 
often  repeated,  forming 
cruciform  and  wheel  shaped 
crystals.  Also  massive; 
granular,  compact. 

Cleavage:  6(010)  impei^ 
feet;  a(lOO),  c(001)  less 
distinct.  Fracture  sub- 
conchoidal  to  uneven. 
Rather  brittle.  H.  =  2-5-3. 
G.  =  5*7-5 -9.    Luster  metal- 


lic, brilliant.  Color  and  streak  steel-gray,  inclining  to  blackish  lead- 
gray  or  iron-black.    Opaque. 

Comp.  —  (Pb,Cu2)8Sb2S5  or  3(Pb,Cu2)S.SbaS,  =  PbCuSbSs  (if  Pb  :  Cuj 
=  2:1)=  Sulphur  19*8,  antimony  247,  lead  425,  copper  130  =  100. 

Pyr.,  etc. — In  the  closed  tube  decrepitates,  and  gives  a  dark  red  sublimate.  In  the 
open  tube  gives  sulphur  dioxide,  and  a  white  sublimate  of  oxide  of  antimony.  B.B.  on  char- 
coal fuses  easily,  and  at  first  coats  the  coal  white;  continued  blowing  gives  a  yellow  coating 
of  lead  oxide;  the  residue,  treated  with  soda  in  R.F.,  gives  a  ^obule  of  copper.  Decom- 
posed by  nitric  acid,  afforciing  a  blue  solution,  and  leaving  a  residue  of  sulphur,  and  a  white 
powder  containing  antimony  and  lead. 

Obs.  —  From  Neudorf  m  the  Harz  Mts.;  also  Wolfsberg,  Claustal,  and  Andreasberg; 
Pribram.  Bohemia;  Kapnik  and  Nagyb^ya,  Hungary;  Horhausen,  Prussia;  Uskeard, 
Cornwall. 

In  the  United  States  at  the  Boggs  mine,  Yavapai  Co.,  Ariz. ;  also  Montgomery  Co.,  Ark. ; 
reported  from  San  Juan  Co.,  Col;  Austin,  Nev.  In  Canada,  in  the  township  of  Marmora, 
Hastings  Co.,  and  Darling,  Lanark  Co.,  Cfntario. 

Seligmaimite.  (Pb,Cui)»AstS6  isomorphous  with  bournonite.  Orthorhombic.  a  :b  :c 
«  0'9233  :  1  :  0*8734.  In  small  complex  crystals.  Commonly  twinned  with  m(llO)  as 
tw.  pi.  Color  lead-gray.  Chocolate  streak.  H.  «  3.  Found  at  Lengenbach  quarry, 
Binnental,  Switzerland;  reported  from  Emery,  Mon. 

Aikinite.  2PbS.CutS.Bi2Si.  Acicular  crystals;  also  massive.  G.  « 6*1-6*8.  Color 
blackish  lead-gray.    From  Berezov  near  Ekaterinburg,  Ural  Mts. 

Wittichenite.  3CuiS.BisS|.  Rarely  in  crystals  resembling  bournonite;  also  massive. 
G.  =  4*5.    Color  steel-gray  or  tin-white.    Wittichen,  Baden,  etc. 

Stylotypite.  3(Cus,Ags,Fe)S.Sb|Sa.  In  orthorhombic  crystals,  in  cruciform  twins  like 
bournonite.    G.  =  4'7-5'2.    Color  iron-black.    Copiapo,  Chile;  Peru. 


Lillianite.  3PbS.BiSbSi  and  3PbS.BitS8.  Orthorhombic.  Crystalline  and  massive. 
Color  steel-gray.    Gladhammar,  Sweden;  Leadville,  Col.  (argentiferous). 

Guitermanite.  Perhaps  3PbS.As2S<.  Massive,  compact.  G.  »  5-94.  Color  bluish 
gray.    Zufli  mine,  Silverton,  Col. 

Lengenbachite.  7[Pb,(Ag,Cu)2lS.2AssSa.  Probably  triclinic.  In  thin  blade-shaped 
crystals.  One  perfect  cleavage.  Soft.  G.  =  5*8.  Color  steel-gray.  Streak  black. 
From  the  Lengenbach  quarry,  Bmnental,  Switzerland. 
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Tapalfite.    a  8iil])ho-teIluride  of  bismuth  and  silver, 
Study  of  polished  specimen  shows  it  to  be  a  mixture  of 
granular.    G.  «  7*go.    Sierra  de  Tapalpa,  Jalisco,  Mexico 


3A«,(S,Te).Bit(S,Te),. 
own  components.    Massive, 


Pyrargyrite  Group.    Rhombohedral-hemimorphic 

PTRARGTRITE.    Ruby  Silver  Ore.    Dark  Red  Silver  Ore. 
Rhombohedral-henumorphic.   Axis:  c  =  07892;  0001  A  1011  =  42®20|/ 


w',  2l5l  A  23ll  -  74**  26' 
w^,  2l5l  A  3T51  -  36'  12' 


670 


ee\  01T2  A  l012  =  42**   6' 
rr\  lOll  A  IlOl  -  7V  22' 

Crystals  commoidy  prismatic. 
Twins:  tw.  pi.  a(llS)),  very  com- 
mon, the  c  axes  parallel;  iz(10l4), 
also  common.    Also  massive,  compact. 

Cleavage:  r(lOll)  distinct;  6(0lT2) 
imperfect.  Fracture  conchoidal  to 
uneven.  Brittle.  H.  =  2"5.  G.  =  577- 
5'86;  5'85  if  pure.  Luster  metallic- 
adamantine.  Color  black  to  gra3dsh 
black,  by  transmitted  light  deep  red. 
Streak  purplish  red.  Nearly  opaque, 
but  transparent  in  very  thin  splinters. 
Optically  —  .    Refractive  indices,  «  =  3-084,  €  =  2*881. 

Comp.  —  AgsSbSs  or  3Ag2S.Sb2S3  =  Sulphur  17*8,  antimony  22-3,  silver 
59'9  ^  100.    Some  varieties  contain  small  amounts  of  arsenic. 

Pyr.,  etc.  —  In  the  closed  tube  fuses  and  gives  a  reddish  sublimate  of  antimony  oxysul- 
phide;  in  the  open  tube  sulphurous  fumes  and  a  white  sublimate  of  oxide  of  antimon]^. 
B.B.  on  charcoal  fuses  with  spirting  to  a  globule,  coats  the  coal  white,  and  the  assay  is 
converted  into  silver  sulphide,  which,  treated  in  O.F.,  or  with  soda  in  R.F..  gives  a  globule 
of  silver.  In  case  arsenic  is  present  it  may  be  detected  bv  fusine  the  pulverized  mineral 
with  soda  on  charcoal  in  R.F.  Decomposed  by  nitric  acid  with  the  separation  of  sulphur 
and  of  antimony  trioxide. 

Obs.  —  Occurs  at  Andreasberg  in  the  Harz  Mts.;  Freiberg,  Saxony:  Hibram  and 
Joachimstal.  Bohemia;  Schemnitz  and  Nag^btoya,  Hungary;  Kongsberg.  Norway; 
Gaudalcanal,  Spain;  in  Cornwall.  In  Mexico  it  is  worked  at  Guanajuato  and  elsewhere  as 
an  ore  of  silver.    In  Chile  with  proustite  at  ChiuDarcillo  near  Copiapo. 

In  Col.,  not  uncommon;  thus  in  Ruby  district,  Gunnison  Co.;  with  sphalerite  in 
Sneffle's  district,  Ouray  Co.,  etc.  In  Nev.,  at  Washoe  in  Daney  Mine;  about  Austin. 
Reese  river;  at  Poorman  lode,  Idaho,  in  masses  with  cerargyrite.  In  N.  M.,  Utah,  ana 
Ariz,  with  solver  ores  at  various  points.    At  Cobalt,  Ontario. 

Named  from  irvp,  fire,  and  apyvpot,  silver,  in  allusion  to  the  color. 

PROUSTITE.    Ruby  Silver  Ore.    light  Red  Silver  Ore. 
Rhombohedral-hemimorphic.    Axis  c  =  08039;  0001  A  lOll  =  42"*  62'. 

cc',  0112  A  T012  -  42**  46'  w',  2l5l  A  23ll  =  74**  39' 

rr\  lOTl  A  1101  -  72**  12'  w^,  2l5l  A  3l2l  =  35^  18' 

Crystals  often  acute  rhombohedral  or  scalenohedral.  Twins:  tw.  pi. 
m(10T4)  and  r(lOll).    Also  massive,  compact. 

Cleavage:  r(lOll)  distinct.  Fracture  conchoidal  to  imeven.  Brittle. 
H.  =  2-2-5.  G.  =  5'57-5'64;  5'57if  pure.  Luster  admantine.  Color  scarlet- 
vermilion;  streak  same,  also  inclined  to  aurora-red.  Transparent  to  trans- 
lucent.    Optically  negative.     «  =  3*084.     e  =  2*881. 

Comp.  —  AgsAsSj  or  3Ag2S.As2S8  =  Sulphur  194,  arsenic   15*2,  silver 

65-4  =  100. 

1^*9  etc.  —  In  the  closed  tube  fuses  easily,  and  gives  a  faint  sublimate  of  arsenic  tri- 
sulplude;  in  the  open  tube  sulphurous  fumes  and  a  white  crystalline  sublimate  of  arsenic 
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trioxide.  B.B.  on  charcoal  fuses  and  emits  odors  of  sulphur  and  arsenic;  with  soda  in 
R.F.  gives  a  globule  of  silver.    Decomposed  by  nitric  acidj  with  separation  of  sulphur. 

Obs.  —  Occurs  at  Freiberg,  Johanngeorgenstadt,  etc.,  m  Saxony;  Joachimstal,  Bohe- 
mia; in  France  at  Chalanches  in  Dauphin6  and  Markirch,  Alsace;  Guadalcanal  in  Spain; 
Sarrabus,  Sardinia;  in  Mexico;  Peru;  Chile,  at  Chafiarcillo  in  ma^ificent  crystallizations. 

In  Col.,  Ruby  distr.,  Gunnison  Co.;  Sneridan  mine,  San  Miguel  Co.;  Yankee  Girl 
mine,  Ouray  Co.;  Montezuma,  Summit  Co.  In  Ariz.,  with  silver  ores  at  various  points. 
In  Nev.,  in  the  Daney  mine,  and  in  Gomstock  lode,  rare;  Idaho,  at  the  Poorman  lode. 

Named  after  the  French  chemist,  J.  L.  Proust  (1755-1826). 

Sanffuinite.  Near  proustite  in  composition.  In  glittering  scales,  hexagonal  or  rhom- 
bohedral.    From  Chafiarcillo,  Chile. 

Falkenhaynite.  Perhaps  3CuiS.SbiSt.  Massive,  resembling  galena.  From  Joachims- 
tal, Bohemia.     Perhaps  identical  with  stylotypite. 

Pyrostilpnite.  Like  pvrar^rite,  SAgaS.SbaS*.  In  tufts  of  slender  (monoclinic)  crys- 
tals. G.  »  4*25.  Color  hyacmth-red.  From  Andreasberg  in  the  Hars  Mts.;  Freiberg, 
Saxony;  Pribram,  Bohemia;  Heazlewood,  Tasmania. 

Samsonite.    2AgiS.MnS.SbsS|.     Monoclinic.    Habit  prismatic.    Color,  steel-black,  red 
in  •transmitted  light.    Occurs  in  Samson  vein  of  Andreasberg  silver  mines,  Hans  Mts., 
•  Germany.  

E.  Basic  Division 
Tetrahedrite  Group.     Isometric-tetr^edral 

TBTRAHEDRITE.    Gray  Cot)per  Ore.     Fahlerz. 

Isometric-tetrahedral.  Habit  tetrahedral.  Twins:  tw.  pi.  o(lll);  also 
with  parallel  axes  (Fig.  392,  p.  163,  Fig.  408,  p.  166).  Also  massive;  granular, 
coarse  or  fine;  compact. 

672  678 


Cleavage  none.  Fracture  subconchoidal  to  imeven.  Rather  brittle. 
H.  =  3-4.  G.  =  4'4r-5'l.  Luster  metallic,  often  splendent.  Color  between 
flint-gray  and  iron-black.  Streak  like  color,  sometimes  inclining  to  brown 
and  cherry-red.  Opaque;  sometimes  subtranslucent  (cherry-red)  in  very  thin 
splinters. 

Comp.  —  Essentially  Cu«Sb2S7  or  4Cu8S.Sb2Sj  =  Sulphur  23-1,  anti- 
mony 24*8,  copper  52*1  =  100. 

Antimony  and  arsenic  are  usually  both  present  and  thus  tetrahedrite  graduates  into  the 
allied  species  tennantite.  There  are  also  varieties  containing  bismuth,  chiefly  at  the  arsen- 
ical ena  of  the  series,  rarely  selenium.  Further  the  copper  may  be  replaced  by  iron,  zinc, 
silver,  mercury,  lead,  manganese,  and  rarely  cobalt  and  nickel. 

Var.  —  Ordinary,  Contains  little  or  no  silver.  Color  steel-gray  to  dark  gray  and 
iron-black.    G.  =  4-75-4*9. 

Argentiferous;  FreibergiU.  Contains  3  to  30  p.  c.  of  silver.  Color  usuisJlysteel-my, 
lighter  than  the  ordinary  varieties;  sometimes  iron-blaok;  streak  often  reddish.  G.  » 
4-85-6U 
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Mercitrial;  SchwcUzUe.  Contains'  6  to  17  p.  c.  of  mercury.  Color  dark  gray  to  iron- 
black.    Luster  often  dull.    G.  =  5*10  chiefl}r. 

Malinpwskite,  from  Peru  and  a  similar  variety  from  Arizona,  contain  13-16  p.  c.  of  lead. 

Pyr..  etc.  —  Differ  in  the  different  varieties.  In  the  closed  tube  all^the  antimonial  kinds 
fuse  ana  give  a  dark  red  sublimate  of  antimony  oxysulphide;  if  muclT  arsenic  is  present,  a 
sublimate  of  arsenic  trisulphide  first  forms.  In  the  open  tube  fuses,  gives  sulphurous  fumes 
and  a  white  sublimate  of  antimony  oxide:  if  arsenic  is  present,  a  crystalline  volatile  subli- 
mate condenses  with  the  antimony:  if  the  ore  contains  mercury  it  condenses  in  minute 
metallic  globules.  B.B.  on  charcoal  fuses,  gives  a  coating  of  the  oxides  of  antimony  and 
sometimes  arsenic,  zinc,  and  lead;  arsenic  is  detected  by  the  odor  when  the  coating  is  treated 
in  R.F.  The  roasted  mineral  gives  with  the  fluxes  reactions  for  iron  and  copper;  with  soda 
yields  a  globule  of  metallic  copper.  Decomposed  by  nitric  acid,  with  separation  of  sulphur 
and  antimon^r  trioxide. 

Diff.  —  Distinguished  by  its  form,  when  crystallized,  by  its  deep  black  color  on  fracture 
and  brilliant  metallic  luster.  It  is  harder  than  boumonite  and  much  softer  than  magnetite; 
the  blowpipe  characters  are  usually  distinctive. 

Micro.  —  In  polished  sections  shows  a  grayish  white  color  with  a  smooth  surface. 
Fumes  from  HNOi  tarnish  mineral  slowly  to  a  light  brown.  With  aqua  regia  slowly  effer- 
vesces leaving  a  coating  of  sulphur  and  a  pitted  surface. 

other 
at  the 


the  Levant  mine  near  St.  Just.  In  Germany  from  Andreasberg  and  Claustal  in  the  Harz 
Mts.;  Freiberg,  Saxony;  Dillenburg  and  Horhausen  in  Nassau;  at  Miteen,  Prussia;  various 
mines  in  the  Black  Forest.  From  Pribram,  Bohemia;  Kogel  near  Brixlegg  in  Tyrol, 
Austria;  Kapnik,  Herrengrund,  Hungary.  In  Mexico,  at  Durango,  Guanajuato;  Chile; 
Bolivia,  etc.  The  argentyeraua  variety  occurs  especially  at  Freiberg;  Pnbram;  Huallanca 
in  Peru,  and  elsewhere.  The  mercurial  variety  at  Schmdlnitz,  Hungary;  Schwatz,  Tyrol; 
valleys  of  An^a  and  Castello,  Tuscany,  Italy. 

In  the  United  States,  tetrahedrite  occurs  at  the  Kellogg  mines.  Ark.  In  Col.,  in  Clear 
Creek,  Summit  and  Gilpin  Cos.;  the  Ulay  mine,  Lake  Co.;  with  pyrargyrite  in  Huby  dis- 
trict, Gunnison  Co.,  etc.  Much  of  the  Colorado  ''gray  copper"  is  tennantite  (see  below). 
In  Nev.,  abundant  in  Humboldt  Co.;  near  Austin  in  Lander  Co.;  Isabella  mine,  Re^ 
river.  In  Utah  at  Bingham  Canyon.  In  Ariz,  at  the  Heintzelman  mine;  at  various  points 
in  British  Columbia. 

Use.  —  An  ore  of  copper  and  frequently  ore  of  the  other  metab,  like  silver,  etc.,  that 
it  may  contain. 

TENNANTITE. 

Isometric-tetrahedral.  Crystals  often  dodecahedral.  Also  massive,  com- 
pact.   H.  =  3-4.    G.  =  4-37-4 -49.    Color  blackish  lead-gray  to  iron-black. 

Comp.  —  Essentially  CugAsjSr  or  4CusS.AssS8  =  Sulphur  25'5,  arsenic 
17  0,  copper  57  5  =  100. 

Var.  —  Often  contains  antimony  and  thus  graduates  into  tetrahedrite.  The  original 
tennantite  from  Cornwall  contains  only  copper  and  iron.    In  crystals,  habit  dodecahedral. 

Sandbergerite  contains  7  p.  c.  of  zinc.  FredricUe  from  Sweden  has,  besides  copper,  also 
iron,  lead,  silver,  and  tin.    ninnite  from  Binnental,  Switzerland,  is  tennantite. 

Found  at  the  Cornish  mines,  particularly  at  Wheal  Jewel  in  Gwennap,  and  Wheal  Unity 
in  Gwinear;  in  Germany  at  FreiberK,  Saxony,  and  at  the  Wilhelmine  mine  in  the  Spessart;  at 
Skutterud,  Norway.  Near  Central  City,  Idaho  Springs  and  Asjpen  in  Col.  At  Butte,  Mon. 
At  Capelton,  Quebec,  Canada.  Named  after  the  chemist,  Smithson  Tennant  (1761-1815). 
See  further  above. 

Jordanite.  4PbS.AstSs  Monoclinic;  often  pseudohexagonal  by  twinning.  G.  =  6'30. 
Color  lead-gray.    From  the  Binnental,  Switzerland;  Nagydg,  Transylvania. 

Meneghinite.  4PbS.SbsSs.  Orthorhombic.  In  slender  prismatic  crystals;  also  mas- 
sive. G.  =  6*34-6*43.  Color  blackish  lead-gray.  From  Bottino,  Tuscany,  Italy;  Mar- 
ble Lake,  Barrie  Township,  Ontario. 

GoLDFiELDiTB.  5Cu^.(Sb,As,Bi)«(S,Te)i.  As  a  crust.  Color,  dark  lead-gray.  Con- 
choidal  fracture.    H.  =  3-3*6.    At  Mohawk  mine,  Goldfield,  Nev.    Probably  a  mixture. 
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STEPHAmXE.    brittle  Silver  Ore. 

Orthorhombic.    Axes  a  :  6  :  c  =  0-6292  :  1  :  0-6851. 

mm'",  110  A  lIO  -  64^  21'  erf,   001  A  021  =  SS*'  52' 

c/5,        001  A  101  =  47°  26'  <*,   001  A  112  -  32**  45' 

ck,        001  A  Oil  =  34°  25'  cP,  001  A  III  »  52°    9' 

Crystals  usually  short  prismatic  or  tabular  ||  c(OOl). 
Twins:  tw.  pi.  m(llO),  often  repeated,  pseudo-hexagonal. 
Also  massive,  compact  and  disseminated. 

Cleavage:  6(010),  4(021)  imperfect.  Fracture  sub- 
conchoidal  to  uneven.  Brittle.  H.  =  2-2*5.  G.  =  6*2 
-6-3.  Luster  metaUic.  Color  and  streak  iron-black. 
Opaque. 

Comp.  —  AgsSbS*  or  5Ag2S.Sb2S8  =  Sulphur  16-3,  antimony  152,  silver 
68-5  =  100.    . 

Pyr.  —  In  the  closed  tube  decrepitates,  fuses,  and  after  long  heating  i^ves  a  faint 
sublimate  of  antimony  oxysulphide.  In  the  open  tube  fuses,  giving  off  antimonial  and 
sulphurous  fumes.  B.B.  on  charcoal  fuses  with  projection  of  smaJl  particles,  coats  the  coal 
witn  oxide  of  antimony,  which  after  long  blowing  is  colored  red  from  oxidized  aUver,  and 
a  globule  of  metallic  silver  is  obtained.  Soluble  in  dilute  heated  nitric  acid,  sulphur  and 
antimony  trioxide  being  deposited. 

Obs.  —  In  veins,  with  other  silver  ores,  at  Freiberg,  Schneeberg,  etc^  in  Saxony*  Pii- 
bram,  Bohemia:  Schemnitz,  Hungary;  Andreasberg  in  the  Harz  Mts.,  Germany*  iCongs- 
berg,  Norway;  Sarrabus,  Sardinia;  Wheal  Newton,  Cornwall;  Arispe,  Sonora  and  ebewhere, 
Mexico;  Peru;  Chafiarcillo,  Chile. 

In  Nev.,  in  the  Comstock  lode,  Rees^  river,  etc.  In  Idaho,  at  the  silver  mines  at  Yankee 
Fork,  Queen's  River  district. 

Named  after  the  Archduke  Stephen,  Mining  Director  of  Austria. 

Geocronite.  5PbS.SbsSs.  Rarely  in  orthorhombic  crystals  closely  resembling  those 
of  stephanite;  usually  massive,  granular.  G.  —  6*4.  Color  lead-gray.  From  Sala, 
Sweden;  Val  Castello,  Tuscany.  Kilbrickenite  from  Kilbricken,  Co.  Clare,  Ireland,  is  the 
same  species. 


Beegerite. '  OPhS-BisSs.     Massive,  indistinctly  crystallized.      G.  »  7*27.     Color  light 
to  dark  gray.     Rrom  Park  Co.,  Col. 


Ultrabasite.     llAgsS.28PbS.2Sb2Ss.3GeSs    Orthorhombic.     Color    and    streak    gray- 
black.     H.  «  5.  G.  —  6.     From  Freiberg,  Germany. 


Polybasite  Group.    ORSsAssSs,  9RS.SbsSs.    Monoclinic,  pseudo- 

rhombohedral 
POLYBASITE. 

Monoclinic.  Axes  a:b  :c  =  17309  :  1  :  15796,  /8  =  90*"  0'.  Prismatic 
angle  60*^  2'.  In  short  six-sided  tabular  prisms,  with  beveled  edges;  c(OOl) 
faces  with  triangular  striations;  in  part  repeated  twins,  tw.  pi.  m  (110). 

Cleavage:  c(OOl)  imperfect.  Fracture  uneven.  H.  =  2-3.  G.  =  6'0- 
6*2.  Luster  metallic.  Color  iron-black,  in  thin  splinters  cherry-red.  Streak 
Uack.    Nearly  opaque. 

Comp.  —  Ag9SbS6  or  9Ag2S.Sb2Ss  =  Sulphur  15*0,  antimony  9*4,  silver 
75 '6  =  100.  Part  of  the  silver  is  replaced  by  copper;  also  the  antimony  by 
arsenic. 

Pry.,  etc.  —  In  the  open  tube  fuses,  ^ves  sulphurous  and  antimonial  fumes,  the  latter 
forming  a  white  subhmate,  sometimes  mixed  with  crystalline  arsenic  trioxide.     B.B.  fuses 
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with  spirting  to  a  globulei  gives  off  sulphurous  (sometimes  arsenical)  fumes,  and  coats  the 
coal  with  antimony  trioxide;  with  long-continued  blowing  some  varieties  give  a  faint  yellow- 
ish white  coating  of  zinc  oxide,  and  a  metallic  globule,  which  with  salt  of  phosphorus  reacts 
for  copper,  and  cupelled  with  lead  gives  pure  silver.     Decomposed  by  mtric  acid. 

Obs.  —  Occurs  in  the  mines  of  Guanajuato^  from  Las  Chipas  and  Arispe,  Sonora, 
Mexico;  at  Tree  Puntos,  desert  of  Atacama,  Chile;  At  Freiberg,  Saxony:  and  Pribram, 
Bohemia;  at  Sarrabus,  Sardinia.  In  Nev..  at  the  Reese  mines  and  at  the  Comstock  Lode. 
Li  Col.,  at  the  Terrible  Lode,  Clear  Creek  Co.,  at  Ouray.  In  Ariz.,  at  the  Silver  King 
mine;  at  Neihart,  Mon. 

Named  from  iroXvs,  many,  and  /Sonrts,  base,  in  allusion  to  the  basic  character  of  the 
compound 

Pearceite.  OAgiS.AssSi.  Monoclinic,  pseudo-rhombohedral.  The  arsenical  variety 
of  polybasite.     From  Aspen,  Col.;  Marysvule,  Lewis  and  Clarke  Co.,  Mon. 


Polyargyrite.     I2AgiS.SbsSs.     In    indistinct    iaometric    crystals.    G.  » 6*97.     Color 
iron-bladt.    Wolfach,  Baden,  Germany. 


n.    Sulpharsenatesy  Sulphantimonates ;  Sulpho-stannatesy  etc. 

Here  are  included  a  few  minerals,  chiefliy  sulpho-salts  of  quintivalent 
arsenic  and  antimony;  also  several  sulpho-s'tannates  and  rare  sulpho-german- 
ates. 

ENARGITE. 

Orthorhombic.    Axes:  a  :  6  :  c  =  0-8711  :  1  :  0'8248. 

Crystals  usually  smaU;  prismatic  faces  vertically  striated.  Twins:  tw.  pi. 
x(320)  in  starHshaped  trillings.    Also  massive,  granular,  or  colunmar. 

Cleavage  :  m(l  10)  perfect;  a(lOO),  6(010)  distinct;  c(OOl)  indistinct. 
Fracture  uneven.  Brittle.  H.  =  3.  G.  =  4'43-4'45.  Luster  metallic.  Color 
grayish  black  to  iron-black.    Streak  grayish  black.    Opaque. 

Comp.  —  CU3ASS4  or  3CU2S. AS2S5  =  Sulphur  32*6,  arsenic  19*  1,  copper 
48"3  =  100.    Antimony  is  often  present,  cf.  famatinite. 

Pyr.  —  In  the  closed  tube  decrepitates,  and  gives  a  sublimate  of  sulphur;  at  a  higher 
temperature  fuses,  and  gives  a  sublimate  of  sulphide  of  arsenic.  In  the  open  tube,  heated 
gently,  the  powdered  mineral  gives  off  sulphurous  and  arsenical  fumes,  the  latter  condensing 
to  a  sublimate  containing  some  antimony  oxide.  B.B.  on  charcoal  fuses,  and  ^ves  a 
faint  coating  of  the  oxides  of  arsenic,  antimony,  and  zinc;  the  roasted  mineral  with  the 
fluxes  gives  a  globule  of  metallic  copper.    Soluble  in  aqua  regia. 

Micro.  —  In  polished  sections  shows  a  white  color  with  a  smooth  surface.  With  KCN 
turns  black  quickly  and  surface  is  etched;  quickly  brown  with  aqua  regia. 

Obs.  —  From  Morococha,  and  Caudalosa,  Peru;  in  Chile  and  Argentina;  Mexico; 
Matzenkopfl,  Brixlegg,  Tyrol,  Austria;  Mancayan,  island  of  Luzon;  Kinkwaaeki,  Formosa. 

In  the  United  States,  at  Brewer's  gold  mine,  Chesterfield  dist.,  8.  C;  in  Col.,  at  mines 
near  Central  City,  Gilpin  Co.;  in  Park  Co.,  at  the  Missouri  mine;  from  Red  Mountain 
district.     In  southern  Utah:  also  in  the  Tintic  district;  Butte,  Mon. 

daritey  from  the  Clara  Mine,  Schapback,  Baden,  and  luzonUe  from  the  island  of  Luzon, 
Philippines,  are  identical  with  enargite. 

Use.  —  Serves  as  an  ore  of  copper  and  arsenic. 

Famatinite.  3CuiS.SbsS6,  isomorphous  with  enargite.  Q. .—  4*57.  Color  gray  with 
tinge  of  copper-red.     From  the  Sierra  de  Famatina,  ^gentina;   Goldfield,  Nev. 

Sulvanite.  3CU2S.V2S5.  Massive.  H.  =  3*5.  G.  =  40.  Color  bronze-yellow.  Streak 
nearly  black.     From  near  Burra,  South  Australia. 


Xanthoconite.. —  3Ag8S.AssS6.  In  thin  tabular  rhombohedral  crystals;  also  massive, 
reniform.  G.  «  5.  Color  orange-yellow.  From  Freiberg,  Germany.  Ritiingerite  is  tiie 
same  species. 
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EpibottUncerite.  —  3PbS.SbiS|.    In  striated  pnsmatic  needles  and  granular.    G.  » 
6*31.    Color  dark  bluish  gray  to  black.    From  Altenberg,  Saxony,  Germany. 

Epigenite.  —  Perhaps  4CutS.3FeS.AsiSf.    In  short  prisms  resembling  arsenopyrite. 
Color  steel-gray.    From  Wittichen,  Baden,  Germany. 


STANNTTB.    Tin  Pyrites.    BeU-metal  Ore. 

Tetragonal-sphenoidal.  Pseudo  isometric-tetrahedral  through  twinning. 
Twinning,  (1)  always  interpenetrant  with  e(lOl)  as  tw.  pi.,  (2)  interpenetrant 
with  twin  axis  ±  to  p(lll).     Also  massive,  granular,  and  disseminated,     ^h 

Cleavage:  cubic,  indistinct.  Fracture  uneven.  Brittle.  H.  =  4.  G.  = 
4'3-4'522;  4*506  Zinnwald.  Luster  metallic.  Streak  blackish.  Color  steel- 
gray  to  iron-black,  the  former  when  pure;  sometimes  a  bluish  tamish;  often 
yellowish  from  the  presence  of  chalcopyrite.    Opaque. 

Comp.  —  A    sulpho-stannate    of    copper,  iron    and    sometimes    zinc, 

CujFeSnS*  or  Cu2S.FeS.SnS2  =  Sulphur  29-9,  tin  275,  copper  29*5,  iron  13-1 

=  100. 

Pyr.,  etc. —  In  the  closed  tube  decrepitates,  and  gives  a  faint  sublimate;  in  the  open 
tube  sulphurous  fumes.  B.B.  on  charcoal  fuses  to  a  globule,  which  in  O.F.  eives  off  sul- 
phur dioxide  and  coats  the  coal  with  tin  dioxide:  the  roasted  mineral  treated  with  borax 
gives  reactions  for  iron  and  copper.  Deoomposea  by  nitric  acid,  affording  a  blue  solution, 
with  separation  of  sulphur  and  tin  dioxide. 

Obs.  —  In  Cornwall  formerly  found  at  Wheal  Rock;  and  at  Cam  Brea;  more  recently 
in  granite  at  St.  Michael's  Mount;  also  at  Stenna  Gwynn,  etc.;  at  the  Cronebane  mine,  Co. 
Wicklow,  in  Ireland;  Zinnwald,  in  the  Erzgebirge,  Germany.  Crystallized  at  Oruro, 
Bolivia.    From  the  Black  Hills,  S.  D. 

Argyrodite.  A  silver  sulpho-germanate,  AggGeS*  or  4AgiS.GeSt.  Isometric,  crystals 
usually  indistinct;  at  times  they  show  octahecural  and  dodecahedral  forms  with  frequent 
twinmng  according  to  the  Spind  Law;  also  massive,  compact.  H.  »  2*5.  G.  «  6*085- 
6*266.  Luster  metallic.  Color  steel-gray  on  a  fresh  fracture,  with  a  tinge  of  red  turning 
to  violet.  From  the  HimmelsfUrst  mine,  Freiberg,  Saxony;  from  Colquechaca  and  Aul- 
lagas,  Bolivia. 

Canfleldite.  AgtSnSt  or  4AgiS.SnS2,  the  tin  in  part  replaced  by  germanium.  Iso- 
metric, in  octahedrons  with  d(IlO).  Twins  according  to  Spinel  Law.  G.  »  6*28.  Luster 
metallic.    Color  black.    Colquechaca,  Bolivia. 

Teallite.  PbSnSs.  Orthorhombic?  In  thin  flexible  folia.  Perfect  basal  deava^. 
H.  —  1-2.  G.  =  6*4.  Color  blackish  gray.  Streak  black.  Probably  from  Bolivia, 
exact  locality  unknown. 

Franckeite.  Pb»Sn,FeSbtSM  or  SPbSnSi  +  PbiFeSbsS..  Massive.  G.  »  5*55.  Color 
blackish  gray  to  black.    Las  Animas,  Bolivia. 

Cylindrite.  Pb,Sn4FeSb,S,4  or  3PbSnSi  +  SnFeSbA-  H.  =  2*5-3.  G.  «  5-42. 
Luster  metallic.  Color  blackish  lead-gray.  In  cylindrical  forms  separating  under  pressure 
into  distinct  shells  or  folia.    Poop6,  Bolivia. 


IV.  HALOIDS.  —  CHLORIDES,  BROMIDES,  IODIDES; 

FLUORIDES 

I.  Anhydrous  Chlorides,  Bromides,  Iodides;  Fluorides, 
n.  Oxychlorides ;  Oxyfluorides. 
in.  Hydrous  Chlorides;  Hydrous  Fluorides. 

The  Fourth  Class  includes  the  haloids,  that  is,  the  compounds  with  the 
halogen  elements,  chlorine,  bromine,  iodine,  and  also  the  less  closely  related 
fluorine. 
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I.  Anhydrous  Chlorides,  Bromides,  Iodides;  Fluorides 

CALOMEL,     Horn  QuicksUver. 

Tetragonal.  Axisc  =  17234;  001  A  101  =  59°  52'.  Crystab  sometimee 
tabular  i|  c(OOl);  also  pyramidal;  often  highl>  complex. 

Cleavage:  aClOO)  rather  distinct;  also  r(lll).  Fracture  conchoidal. 
Sectile.  H.  =  1-2.  G.  =  6"482.  Luster  adamantine.  Color  white,  yellow- 
ish gray,  or  ash-gray,  also  grayish,  and  yellowish  white,  brown.  Streak  pale 
yellowish  white.  Translucent  —  subtranslucent.  Optically  +.  w  =  1970. 
t  =  2-650. 

Comp.  —  Mercurous  chloride,  HgCI  =  Chlorine  15'1,  mercury  84  9  =  100. 

P71.,  etc.  —  In  the  closed  tube  volfttilizea  without  fusion,  condenemg  in  the  cold  part  of 
the  tube  ae  &  white  sublimate;  with  soda  gives  a  aublimate  of  metallic  mercury.  B.B,  on 
charcoal  volatilises,  coating  the  coal  white.  Insoluble  in  water,  but  diaaolved  by  aqua 
regis'   blackens  when  treated  with  alkahee. 

Obs.  —  Usually  associated  with  cinnabar.  Thus  at  Moschellandsberg  in  the  Palatinate, 
Germany;  at  Idna  in  Camiola,  Austria;  Almaden  in  Spain;  at  Mt.  Avala  near  Belgrade 
in  Servia.     In  crystals  with  many  forms  from  Terllngua,  Tex. 

Calomel  is  an  old  tenn  of  uncertain  origin  and  meanine,  perhaps  from  laXoi,  beautiful, 
and  iMi,  honey,  the  taste  being  sweet,  and  the  compound  tne  MercuHus  dutcU  of  early 
chemistn';  or  irom  xaXm  and  fHxat,  black. 

Klelnite.  Mercurammonite.  A  mercury  ammonium  chloride  of  uncertain  competition. 
Hexagonal.  Crystals  short  prismatic.  Basal  cleavage.  H.  -^  3*5.  G.  =  S'O.  Color 
yellow  to  orange,  darkening  on  exposure.     Volatile.     From  Terlingua,  Tex. 

Nantokite.  Cuprous  chloride,  CuCl,  Granular,  massiTC.  Cleavage  cubic.  H.  •■ 
2-2'S.  G.  =  393.  Luster  adamantine.  Colorless  to  white  or  graj'ish.  From  Nantoko, 
Chile;  Broken  Hill,  New  South  Wales. 


Halite  Group.    RCl,  RBr,  RL    Isometric 
HaUte  NaCl  EmboUte  Ag(Cl,Br) 

SylTite  KCl  Bromyrite  AgBr 

Sal  Ammoniac  (NHt)Cl  lodobromlte  Ag(Cl,Br,I) 

Cerargyrite  AgCl  Hiersite  Agl 

The  Halite  Group  includes  the  halogen  compounds  of  the  closely  related 
metals,  sodium,  potassium,  and  silver,  also  ammonium  (NH*),     They  crystal- 
lize in  the  isometric  system,  the  cubic  form  being  the  most  common.     Syivite 
and  sal-ammoniac  are  plagiohedral,  and  the  same  may  be  true  of  the  others. 
HALITE.    CoMUON  or  Rock  Salt. 

Isometric.    Usually  in  cubes ;  crystals  sometimes  distorted,  or  with  cavern- 
ous faces.     Also  massive,  granular 


to  compact;  less  often  colunmar. 

Cleavage:  cubic,  perfect.  Frac- 
ture conchoidal.  Rather  brittle. 
H.  =  2-5.  G.  =  21-2-6;  pure 
crystals  2135.  Luster  vitreous. 
Colorless  or  white  also  yellowish, 
reddish,  bluish,  purplish.  Transpar- 
ent to  translucent.  Soluble;  taste 
saUne.  n  =  1-5442.  Highly  dia- 
thermanouB. 
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Comp.  —  Sodium  chloride,  NaCl  =  Chlorine  60 -6,  sodium  39*4  =  100, 
Commonly  mixed  with  calcium  sulphate,  calcium  chloride,  magnesium  chlo- 
ride, and  sometimes  magnesium  sulphate,  which  render  it  liable  to  deliquesce. 

Pyr.,  etc.  —  In  the  closed  tube  fuses,  often  with  decrepitation;  when  fused  on  the 
platinum  wire  colors  the  flame  deep  yellow.  After  intense  ignition  the  residue  gives  an 
alkaline  reaction  upon  moistened  test  paper.  Nitric  acid  solution  gives  precipitate  of 
silver  chloride  upon  addition  of  silver  nitrate.     Dissolves  readily  in  three  parts  of  water. 

Diff.  —  Distmguished  by  its  solubility  (taste),  softness,  perfect  cubic  cleavage. 

Obs.  —  Common  salt  occurs  in  extensive  but  irregular  beds  in  rocks  of  various  a^es, 
associated  with  ppsum,  polyh^te,  anhydrite,  carnallite,  clay,  sandstone,  Mid  calcite; 
also  m  solution  formmg  salt  sprmgs:  similarly  m  the  water  of  the  ocean  and  salt  seas. 
The  deposits  of  salt  have  been  formed  by  the  gradual  evaporation  and  ultimate  drying  up 
of  enclosed  bodies  of  salt  water.  Salt  beds  formed  in  this  wav  are  subsequently  covered 
by  other  sedimentary  dq^osits  and  gradually  buried  beneath  the  rock  strata  thus  formed, 
llie  salt  strata  range  from  a  few  feet  up  to  more  than  one  hundred  feet  in  thickness  and 
have  been  found  at  depths  of  two  thousand  feet  and  more  beneath  the  earth's  surface. 

The  principal  salt  mines  of  Europe  are  at  Stassfurt,  near  Magdeburg,  Saxonv;  Wie- 
liczka,  in  Galiciaj  at  ELall,  in  Tyrol,  Austria:  and  along  the  range  through  Reichental  in 
Bavaria,  Hallein  m  Salzburg,  Hallstadt,  Ischl,  and  Ebensee,  in  Upper  Austria,  and  Aussee 
in  Styria;  in  Hungary,  at  Marmoros  and  elsewhere:  Transylvania;  Wallachia,  Galicia, 
and  Upper  Silesia;  in  southern  and  southeastern  Kussia;  Vic  and  Dieuze  in  France; 
Valley  of  Cardona  and  elsewhere  in  Spain;  Bex  in  Switzerland;  and  Northwich  in  Cheshire, 
Endand. 

Salt  also  occurs,  forming  hills  and  covering  extended  plains,  near  Lake  Urumia,  the 
Caspian  Sea,  etc.  In  Algeria  j  in  Abyssinia.  In  India  in  enormous  deposits  in  the  Salt 
Range  of  the  Punjab.  In  China  and  Asiatic  Russia;  in  South  America,  in  Peru,  and  at 
Zipaquera  and  Nemocon,  the  former  a  large  mine  long  explored  in  the  Cordilleras  of 
Colombia;  clear  salt  is  obtained  from  the  Ccrro  de  Sal,  San  Domingo. 

In  the  United  States,  salt  has  been  found  in  large  amount  in  central  and  western  N.  Y. 
Salt  wells  had  long  been  worked  in  this  r^on,  but  rock  salt  is  now  known  to  exist  over  a 
large  area  from  Ithaca  at  the  head  of  Cayuga  L^e,  Tompkins  Co.,  and  Canandaigua 
Lake,  Ontario  Co.,  through  Livingston  Co.,  also  Genesee,  Wyoming,  and  Erie  Cos.  The 
salt  is  found  in  beds  with  an  avera^  thickness  of  75  feet,  but  sometimes  much  thicker  (in 
one  instance  325  feet),  and  at  varymg  depths  from  1000  to  2000  feet  and  more;  the  depth 
increases  southward  with  the  dip  of  the  strata.  The  rocks  belong  to  the  Salina  pmod  of 
the  Upper  Silurian.  Extensive  deposits  of  salt  occur  in  Mich.,  chiefly  in  Saginaw,  Bay, 
Midland,  Isabella.  Detroit^  Wayne^  Manistee  and  Mason  Counties.  Salt  has  also  been 
found  near  Cleveland,  Ohio,  associated  with  K3^um;  in  Kan.;  in  La.,  extensive  beds 
occur  in  the  southern  portion  of  the  state  at  anoTin  the  neighborhood  of  Petite  Anse  island. 
Salt  has  also  been  obtained  from  Nev.,  Utah,  Ariz,  and  Cal.  In  Utah  and  Cal.  salt  is 
chiefly  obtained  by  the  evaporation  of  the  waters  of  Great  Salt  Lake  and  the  ocean. 

Brine  springs  are  very  numerous  in  the  Middle  and  Western  States.  Vast  lakes  of  salt 
water  exist  in  many  parts  of  the  world.  The  Great  Salt  Lake  in  Utah  is  2000  square  miles 
in  area;  L.  Gale  found  in  this  water  20*196  per  cent  of  sodium  chloride.  The  Dead  and 
Caspian  seas  are  salt,  and  the  waters  of  the  former  contain  20  to  %  parts  of  solid  matter  in 
lOOVAris*    Sodium  chloride  is  the  prominent  salt  present  in  the  ocean. 

Use.  —  The  chief  uses  of  salt  are  for  culinary  and  preservative  purposes.  Soda  ash  is 
also  made  from  it,  being  employed  in  the  manmacture  of  glass,  soap,  oleaching,  prepara- 
tion of  other  sodium  compounds,  etc. 

Villiaumlte.  NaF.  Isometric.  In  small  carmine  colored  grains.  Soft.  G.  «  2*8. 
Refractive  index  »  1*33.     Found  in  nepheline-syenite  from  the  Islands  of  Los. 

Huantajayite.  20NaCl.AgCl.  In  cubic  crystals  and  as  an  incrustation.  H.  »  2. 
Not  sectile.    Color  white.    From  Huantajaya,  Tarapac^  Chile. 

SYLVITE. 

Isometric-plagioliedral.    Also  in  granular  crystalline  masses;  compact. 

Cleavage:  cubic,  perfect.  Fracture  uneven.  Brittle.  H.  =  2.  G.  = 
l'97~r99.  Luster  vitreous.  Colorless,  white,  bluish  or  yellowish  red  from 
inclusions.  Soluble;  taste  resembling  that  of  common  salt,  but  bitter, 
n  =  1-490. 

Comp.  —  Potassium  chloride,  KCl  =  Chlorine  47-6,  potassium  52*4  = 
100.    Sometimes  contains  sodium  chloride. 
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Pyr.,  etc.  —  B.B.  in  the  platinum  loop  fuees,  and  ^ves  a  violet  color  to  the  outer  flame. 
Dissolves  completely  in  water  (saline  taste).  After  ignition  residue  reacts  alkaline  upon 
moistened  test  paper.  Solution  in  nitric  acid  gives  precipitate  of  silver  chloride  with  silver 
nitrate. 

Obs.  —  Occurs  at  Vesuvius,  about  the  fumaroles  of  the  volcano.  Also  in  Germany  at 
Stassfurt,  Saxony;  and  at  Leopoldshall  (leopoldite).  Anhalt;  at  Kalusz  in  Galicia. 

Use.  —  A  source  of  potash  compounds  used  as  lertiUzers. 

Sal  Ammoniac.  Ammonium  chloride,  NH4CI.  n  »  1*642.  Observed  as  a  white  in- 
crustation about  volcanoes,  as  at  Etna,  Vesuvius,  etc. 

Cerargyrite  Group.     Isometric-Normal 

An  isomorphous  series  of  silver  haloids  in  which  silver  chloride,  bromide 
and  iodide  may  mix  in  varying  proportions.  The  suggestion  has  been  made 
that  the  name  cerargyrite  be  kept  as  the  group  name  and  that  the  different 
sub-species  be  named  as  follows:  chlorargyrite,  AgCl;  bromargyriiey  AgBr; 
embolite,  Ag(Cl,Br);  iodembolite,  Ag(Cl,Br,I). 

CERAR6YRITB.     Horn  SUver. 

Isometric.  Habit  cubic.  Twins:  tw.  pi.  o(lll).  Usually  massive  and 
resembUng  wax;  sometimes  columnar;  often  in  crusts. 

Cleavage  none.  Fracture  somewhat  conchoidal.  Highly  sectile.  H.  =■ 
1-1*5.  G.  =  5-552.  Luster  resinous  to  adamantine.  Color  pearl-gray, 
grayish  green,  whitish  to  colorless,  rarely  violet-blue;  on  exposure  to  the 
light  turns  violet-brown.    Transparent  to  translucent,     n  =  2-0611. 

Comp.  —  Silver  chloride,  AgCl  ==  Chlorine,  24-7,  silver  75-3  =  100.  Some 
varieties  contain  mercury. 

Pyr.,  etc.  —  In  the  closed  tube  fuses  without  decomposition.  B.B.  on  charcoal  gives  a 
globiue  of  metallic  silver.  Added  to  a  bead  of  salt  01  phosphorus,  previously  saturated 
with  oxide  of  copper  and  heated  in  O.F.,  imparts  an  intense  azure-blue  to  the  flame. 
Insoluble  in  nitric  acid,  but  soluble  in  ammonia. 

Obs.  —  Cerargyrite  and  the  related  minerals  are  products  of  secondary  action  and  are 
oommonlv  found  m  the  upper  parts  of  silver  deposits.  Descending  waters  containing 
chlorine,  oromine  or  iodine  act  upon  the  oxidation  products  of  the  pnmary  silver  mineitJs 
and  so  precipitate  these  relatively  insoluble  compounds.  Commonly  associated  with 
other  silver  minerals,  with  lead,  copper  and  zinc  ores  and  their  usual  alteration  products. 

The  largest  masses  are  brought  from  Peru,  Chile,  Bolivia,  and  Mexico,  where  it  occurs 
with  native  silver.  Also  once  obtained  from  Johanngeorgenstadt  and  Freiberg,  Saxony; 
occurs  in  the  Altai  Mts.;  at  Kongsberg  in  Norway. 

In  the  United  States,  in  Col.,  near  Leadville,  Lake  Co.;  near  Breckenridge,  Summit  Co., 
and  elsewhere.  In  Nev.  near  Austin,  Lander  Co.;  at  mines  of  Comstock  lode:  Tonapah. 
In  Idaho,  at  the  Poorman  mine,  in  crystals;  also  at  various  other  mines.  In  Utah,  in 
Beaver,  Summit  and  Salt  Lake  counties.    At  Tombstone,  Ariz. 

Named  from  x^pots,  Aom,  and  Hpyvpotj  silver. 

Use.  —  An  ore  of  silver. 

Embolite.  Silver  chloro-bromide  Ag(Br,Cl),  the  ratio  of  chlorine  to  bromine  vary- 
ing widely.  Usually  massive.  Resembles  cerargyrite,  but  color  grayish  green  to  yellowish 
green  and  ycilow.  n  «  2-15.  Abundant  in  Chile.  Found  also  at  Broken  Hill,  New 
South  Wales;  Tonapah,  Nev.;  Leadville.  Col..;  Yuma  County,  Ariz.;  Georgetown,  N.  M. 

Bromyrite.  Silver  bromide,  AgBr.  G.  =  6-8-6.  Color  bright  yellow  to  amber-yel- 
low; shghtly  greenish,    n  =  2*25.    From  Mexico;  Chile. 

lodobromite.  2AgCl.2AgBr.AgI.  Isometric.  G.  =  5*713.  Color  sulphur-yellow, 
greenish,    n  =  22.    From  near  Dembach,  Nassau;  Broken  Hill,  New  South  Wales. 


Miersite.  Silver,  copper  iodide,  4AgI.CuI.  Isometric;  tetrahedral,  G.=6'64.  In 
bright  yellow  crystals  from  the  Broken  Hill  Silver  Mines,  New  South  Wales.  Cupro- 
iodargyrite  from  Huantajaya,  Peru,  belongs  here  also. 

lodyrite.    Silver  iodide,  Agl.     Hexagonal-hemimorphic;  usually  in  thin  plates;  pale 
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ydlow  or  gre^.    G   -  5-6-57.    Optically  +.     «  =  2182.     F>T.m  Mexico,  Chile,  etc 
iUke  VftU^,  Sierra  Co.,  N.  M.    In  cryfltals  from  Broken  Hill,  New  South  Wales,  and 


Fluorite  Group.     RF,,RCIt 

The  species  here  included  are  FluoriterCaF,Tand  the  rare  Hydrophilite, 
CaCl,.    Both  are  isometric,  habit  cubic.    V- — 4 

FLUORITE  or  Flhob  Spab. 

Isometric.  Habit  cubic;  leas  frequently  octahedral  or  dodecahedra]- 
iorms  /(310),  e(2I0)  (fluoroids)  common;  also  the  vicinal  form  f  (321-0  ')' 
producing  striations  on  a(lOO)  (Fig.  682) ;  hexoctahedron  ((421)  also  common 
with  the  cube  (Fig.  681).  Cubic  crystals  sometimes  grouped  in  parallel 
pomtion,  thus  formmg  a  pseudo-octahedron.     Twins:   tw.  pi.  o(lll)    com- 


monly penetration-twins  (Fig.  682).     Also  massive;  granular,  coarse  or  fine- 
rarely  columnar;  compact.  «■"«",  coarae  or  nne, 

Cleavage:   o(lU)  perfect.     Fracture  flat-conchoidal ;   of  compact  kinds 
splintery.       Brittle.       H     =   4 
Ml  682  G.    =   3-01-3-25;      318     cryst! 

Luster  vitreous.  Color  white 
yellow,  green,  rose-  and  crimson- 
red,  vioIet-blue,  sky-blue,  and 
brown;  wine-yellow,  greenish 
blue,  vioIet^blue,  most  oooimon- 
red,  rare.  Streak  white 
I  I       I  Transparent  —  aubtranslucent 

^  A   J  Isometimes  shows  a  bluish  fluor- 

\^^ ^^i^  escence.    Some    varieties    phos- 

phoresce when   heated  (p.  2511 
n  =  l'433d  *"»/■ 

rJS^T"^-  ~  '^^,?^"'»  fluoride,  CaF,  =  Fluorine  48-9,'  calcium  511  -  inn 
Chlorme  IS  sometimes  present  in  minute  quantities.         '''"^"™  ^^  ^  -  100. 

to  t^^^^^^x^^^o^'S^^^zrs'^r.  '"'"'T^  '^^''-- 

f<.nl5'k^^-o^,wt'^rl^  ^bH^r'5'*'  ^^  eometimes  phosphoresce,.    B.  B.  in  the 
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Obs.  —  Fluorite  occurs  most  commonly  as  a  vein  mineral  either  in  deposits  in  which 
it  is  the  chief  constituent  or  as  a  gangue  mineral  with  various  metallic  ores,  especially 
those  of  leEMl  and  zinc.  It  is  conmion  in  sedimentary  rocks,  bein^  often  found  in  dolomites 
and  limestones.  It  is  also  found  as  a  minor  accessory  mineral  m  granite  and  other  acid 
igneous  rocks.    It  occurs  as  a  sublimation  product  in  connection  with  volcanic  rocks. 

In  the  North  of  England,  it  is  the  gangue  of  the  lead  veins,  which  intersect  the  coal 
formation  in  Northumberland,  Cumberland,  Durham,  and  Yorkshire.  In  Derbyshire  it 
is  abundant,  and  also  in  ComwaU^  where  the  veins  intersect  metamorphic  rocks.  The 
Cumberland  and  Derbyshire  locahties  especially  have  afforded  mamiificent  specimens. 
Common  in  the  mining  district  of  Saxony;  from  Stolberg,  Harz  Mts.;  fine  near  Kongsberg 
in  Norway.  In  the  dolomites  of  St.  Gothard  occurs  in  pink  octahedrons;  from  Briens, 
Switserland.  From  Rabenstein,  Tyrol,  Austria.  Rarely  in  volcanic  regions,  as  in  the 
Vesuvian  lava.  In  colorless  transparent  crystals  from  Madoc,  Hastings  Co.,  Ontario, 
Canada. 

Some  localities  in  the  United  States  are,  Trumbull,  Conn,  (chlorophane);  Muscolonge 
Lake,  Jefferson  Co.,  N.  Y.,  and  Macomb,  St.  Lawrence  Co.,  both  in  v^  large  seargreen 
cubes;  Franklin  Furnace,  N.  J.;  Amelia  Court  House,  Va.;  Westmoreland,  Ver.  Fluorite 
has  been  mined  in  the  United  States  chiefly  from  Western  Kentucky  and  adjacent  sections 
in  Hardin  and  Pope  counties,  HI.  Also  obtained  from  Jamestown,  Boulder  County;  Ever- 
^een,  Jefferson  County,  and  near  Rosita,  Custer  County,  Col.:  from  ten  miles  north  of 
l>eming,  N.  M.;  from  Smith,  Trousdale  and  Wilson  counties,  Tenn.;  from  Castle  Dome 
district,  Ariz. 

Use.  —  As  a  flux  in  the  making  of  steel;  in  the  manufacture  of  opalescent  glass;  in 
enameling  cooking  utensils;  the  preparation  of  hydrofluoric  acid;  sometimes  as  an  orna- 
mental material. 

Hydrophilite.  Chlorocalcite.  Calcium  chloride,  CaClt.  In  white  cubic  crystals  or 
as  an  incrustation  at  Vesuvius.  BcBumlerite  is  same  material  intergrown  with  halite  and 
tachhydrite  from  Leinetal,  Germany. 

The  following  are  from  Vesuvius:  Chloromagnesite,  MgCU;  Scacchite.  MnCb; 
ChloraUumlnite,  AlCU.6HsO;  Molysite,  FeCl«;  ChlormanganokaBte,  4KCl.MnCls. 

Sellaite.  Magnesium  fluoride,  MgFt.  In  prismatic  tetragonal  crystals.  H.  >-  5. 
G.  =■  2-97-3I5.  Colorless.  Optically  +.  w  =  1*378.  From  the  moraine  of  the  Gebrou- 
laz  glacier  in  Savoie,  France.    BdonesiU  is  the  same  species. 

Lawrendte.    Ferrous  chloride,  FeClt.    Occurs  in  meteoric  iron. 

Rinneite.  FeCls.3KCl.NaCl.  Rhombohedral.  In  coarse  granular  masses.  Prismatic 
cleavage.  H.  —  3.  G.  »  2*3.  Colorless,  rose,  violet  or  ydlow  when  fresh,  becomes 
brown  on  exposure  due  to  oxidation,  w  »  1*59.  Easily  fusible.  Astringent  taste. 
Found  in  Germany  at  Nordhausen  and  elsewhere  in  Saxony  and  at  I>iekhoIzen,  Hannover. 

Cottmnite.  Lead  chloride,  PbCls.  In  acicular  crystals  (orthorhombic)  and  in  semi- 
crystalline  masses.  Soft.  G.  -  5'24.  Color  white,  yellowish.  Optically -f-.  fl  =  2*217. 
From  Vesuvius;  also  Tarapacd,  Chile. 

Tysonite.  Fluoride  of  the  cerium  metals,  (Ce,La,Di)Fi.  In  thick  hexagonal  prisms, 
and  massive.  Cleavase:  c(OOl),  perfect.  H.  =  4*6-5.  G.  =  6*13.  Color  pale  wax- 
yellow,  changing  to  yellowish  and  reddish  brown.     From  the  granite  of  Pike's  Peak, 

El  Paso  Co.,  Col.    FluoceriUj  from  Osterby,  Sweden,  is  propably  the  same  species. 

Tttrofluorite.  (Cas,Yt)F6,  near  yUrocerite.  Isometric.  In  granular  masses.  Imperfect 
octahedral  cleavage.  H.  »  4*5.  G.  »  3*55.  Color  yellow,  also  with  brown  or  green 
shades,    n  »  1*46.    Found  in  pegmatite  in  northern  Norway. 

CRTOLITB.  688 
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Monoclinic.      Axes  a:b  :c  =  0*9663  :  1  :  13882;        ^ r-     ^-,^ 

P  =  89-  49'.  /\-y^^ 

mm"',  110  A  ITO  =  88*»    2'.  ck,  001  A  TOl  =  55*»  17'.      (         \/  ^ 

m,       001  A  110  =  89**  52'.  cr,  001  A  Oil  -  54**  14'. 

cr,        001  A  101  =  55**    2'.  '  cp,  001  A  111  =  63*  18'.  rn 

Crystals  often  cubic  in  aspect  and  grouped  in  paral- 
lel position;  often  with  twin  lamellse.    Massive.  \        A 

Parting  at  times  due  to  twinning  lamellae  parallel      \     /\  yy 

to   c(OOl),  m(llO)   and  fc(TOl).     Fracture    uneven.       '•--^— ^^^ ^ 

Brittle.       H.  =  2-5.       G.  =  2-95-30.       Luster 

vitreous  to  greasy;   somewhat  pearly  on  c(001).     Colorless  to  snow-white, 
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Transparent  to 

t>r  3NaF.AlF,  = 
tie  iron  sesqui- 


sometuneB  reddish  or  brownish  to  brick-red  or  even  black, 
translucent.    Optically +.    Mean  index,  1*364. 

Comp.  —  A  fluoride  of  sodium  and  aluminium/  Na^AlFe 
Fluorine  54*4,  aluminium  12*8,  sodium  32*8  =  11 
oxide  is  sometimes  present  as  impurity. 

Pyr.,  etc.  —  Fusible  Id  small  fragments  in  the  flame  of  a  candle.  Heated  in  C.  T.  with 
potassium  bisulphate  gives  fluorine  reaction.  In  the  forceps  fuses  very  easily,  coloring 
the  flame  vellow.  On  charcoal  fuses  easily  to  a  clear  bead,  which  on  cooling  becomes 
opaque:  after  long  blowing,  the  assay  spreads  out,  the  fluoride  of  sodium  is  absorbed  by 
tne  coal,  a  suffocating  odor  of  fluorine  is  given  off,  and  a  crust  of  alumina  remains,  whicli, 
when  heated  with  cobalt  solution  in  O.F.,  gives  a  blue  color.  Soluble  in  sulphuric  acid, 
with  evolution  of  hydrofluoric  acid. 

DiS.  —  Distinguished  by  its  extreme  fusibility.  Because  of  its  low  index  of  refraction 
the  powdered  mineral  becomes  almost  invisible  when  placed  in  water.  Its  planes  of  part- 
ing (resembling  cubic  cleavage)  and  softness  are  characteristic. 

Obs.  —  Occurs  in  a  bay  m  Arksukflord,  in  West  Greenland,  at  Ivigtut  (or  Evigtok), 
about  12  m.  from  the  Danish  settlement  of  Arksuk,  where  it  constitutes  a  large  bed  in 
a  gnmitic  vein  in  a  gray  gneiss.  Cryolite  and  its  alteration  products,  pachnolite,  thorn- 
senohte,  prosopite.  etc.,  also  occur  in  limited  quantity  at  the  southern  base  of  Pike's  Peak, 
£1  Paso  county,  Col.,  north  and  west  of  Saint  Peter's  Dome. 

Named  from  Kfi6oi,  frostf  Xti^,  stone,  hence  meaning  ice-^Umej  in  allusion  to  the  trans- 
lucency  of  the  white  masses. 

Use.  —  In  the  manufacture  of  sodium  salts,  certain  kinds  of  glass  and  porcelain,  and 
as  a  flux  in  the  electrolytic  process  for  the  production  of  aluminum. 

Cryolilhionite  is  a  variety  of  cryolite  with  half  the  sodium  replaced  by  lithium.  G.  = 
278.    Refractive  index  1*34.    Associated  with  cryolite  at  Ivigtut. 

Chiolite.  5NaF.3AlFs.  In  small  pyramidal  crystals  (tetragonal) ;  also  massive  granu- 
lar. Cleavages,  c(OOl)  perfect,  p(lll)  distinct.  H.  «  3-5-4.  G.  «  2-84-2-90.  Color 
snow-white.  Optically  — .  &>  =  1*349.  From  near  Miask  in  the  Ilmen  Mts.,  Russia: 
also  with  the  Greenland  cryolite. 

Hieratite.  A  fluoride  of  potassium  and  silicon.  In  ^yish  stalactitic  concretions; 
isometric.    From  the  fumaroles  of  the  crater  of  Vulcano,  Lipari  Islands. 


n.  OxychlorideSy  Ozyfluoiides 


ATACAMITE. 

Orthorhombic.    Axes  a  :b  :c  -  0*6613  :  1  :  07515. 


ffiTn 


110  A  IlO  =  66^  57'. 
Oil  A  Oil  *  73**  51'. 


rr 
mr 


"tn 


m    I  b 


111  A  111  =  62**  48'. 
110  A  111  «  36^  161'. 

Commonly  in  slender  prismatic  crystals,  vertically 
striated.  Twins  according  to  a  complex  law.  (ParcUacamite 
is  twinned  atacamite.)  In  confused  crystalline  aggregates; 
also  massive,  fibrous  or  granular  to  compact;  as  sand. 

Cleavage:  6(010)  highly  perfect.  Fracture  conchoidal. 
Brittle.  H.  =  3-3-5.  G.  =  375--377.  Luster  adamantme 
to  vitreous.  Color  bright  green  of  various  shades,  dark 
emerald-green  to  blackish  green.  Streak  apple-green. 
Transparent  to  translucent.  Optically  — .  a  =  1*831. 
P  =  1-861.  7  =  1-880. 
CU2CIH3O3  or  CuCl2.3Cu(OH)2  =  Chlorine  16*6,  copper  149, 
cupric  oxide  55*8,  water  127  ==  100. 

Pyr.,  etc.  —  In  the  closed  tube  gives  off  much  water,  and  forms  a  gray  sublimate.  B.B. 
on  charcoal  fuses,  coloring  the  O.F.  azure-blue,  with  a  green  edge^  and  giving  two  coatings, 
one  brownish  and  the  other  grayish  white;  continued  blowing  yields  a  globule  of  metiLUic 
copper;  the  coatings,  touchy  with  the  R.F.,  volatilize,  colormg  the  flame  azure-blue.  In 
acios  easily  soluble. 


Comp. 
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Obs.  —  Originally  from  Atacama  in  the  northern  part  of  Chile;  also  found  at  CoUa- 
hurasi,  Tarapacd  and  elsewhere  in  Chile  and  Bolivia;  at  Wallaroo  and  Bimbowriej  in 
South  Australia;  at  Gloncurry,  Queensland;  at  St.  Just  in  Cornwall.  In  the  United 
States,  with  cuprite,  etc.,  at  the  United  Verde  mine,  Jerome,  Arut. 

Percylite.  A  lead-copper  oxychloride,  perhaps  PbCls.CuO.HiO.  In  sky-blue  cubes. 
From  Sonora,  Mexico;  Atacama,  Chile;  Bolivia,  etc. 

Boleite.  9PbCl3.8Cu0.3AgC1.9HiO.  Tetragonal,  pseudo-isometric.  Twinned  to 
form  pseudo  cubes.  Pseutto-boleite.  5PbClt.4CuO.6HsO.  Tetragonal.  Cumengite. 
4PbCla.4CuO.5HsO.  Tetragonal.  Pseudo-boleite  and  cumengite  occur  in  parallel  growth 
upon  crystals  of  boleite.  &leite  and  pseudo-boleite  have  pearly  luster  on  cleavage^  while 
cumengite  has  not.  All  three  deep  blue  in  color,  the  first  two  showing  a  greenish  tmge  in 
powder.    Found  at  Boleo,  near  S^ta  Rosalia,  Lower  California. 

Matlockite.  Lead  oxychloride,  PbsOCls.  In  tabular  tetragonal  crystals.  G. »  7*21. 
Luster  adamantine  to  | pearly.  Color  yellowish  or  slightly  greenish.  Optically  —  . 
ta  »2'I5.    From  Cromford,  near  Matlock,  Derbyshire. 

Mendipite.  PbsOsCls  or  PbCls.2PbO.  In  fibrous  or  columnar  masses:  often  radiated. 
H.  «  2*6-3.  G.  =  7-71.  Color  white.  Index,  1-93.  From  the  Mendip  Hills,  Somer- 
setshire, England;  near  Brilon,  Westphalia. 

Lorettoite.  6PbO.PbCls.  Tetragonal?  Coarse  fibers  or  blades.  Perfect  basal  cleavage. 
G.  =  7*6.  H.  «  3.  Fusible  at  1.  Color  honey-yellow.  Uniaxial,  — .  Indices,  2*37- 
2*40.     From  Loretto,  Tenn. 

Laurionite.  PbClOH  or  PbClt.Pb(OH}s-  In  minute  prismatic  colorless  crystals  (ortho- 
rhombic),  in  ancient  lead  sla^s  at  Launon,  Greece.  Optically  —  .  ^  »  2-116.  Para- 
laurionite.  Same  composition  as  laurionite  but  monoclinic.  From  Laurion.  Rafaeliie 
from  Chile  is  the  same  mineral.  Suggested  that  laurionite  is  the  same  as  paralaurionite 
but  owing  to  submicroscopic  twinningnas apparentlv  orthorhombic symmetry.  Fiedlerite, 
associated  with  laurionite,  is  probably  also  a  lead  oxychloride;  in  colorless  monocUnio 
crystals. 

Penfieldite.    PbsOCls  or  Pb0.2PbCls.    In  white  hexagonal  crystals.    Laurion,  Greece. 

Daviesite.  A  lead  oxychloride  of  uncertain  composition.  In  minute  colorless  pris- 
matic crystals  (orthorhombic)  from  the  Mina  Beatriz,  Sierra  Gorda,  Atacama,  Chile. 

Schwattzembergite.  Probably  Pb(I,Cl)s.2PbO.  In  druses  of  small  crystals;  also  in 
crusts.    G.  —  6*2.    Color  honey-yellow.     Desert  of  Atacama,  Chile. 

Nocerite.  Perhaps  2(Ca,Mg)Fs(Ca,Mg)0(?).  In  white  hexagonal  aqicular  crystals 
from  bombs  in  the  tufa  of  Nooera,  Italy. 

Koenenite.  An  oxychloride  of  aluminium  and  magnesium.  Rhombohedral.  Perfect 
deava^  yielding  flexible  folia.  Very  soft.  G.  »  2*0.  Color  red,  due  to  Included  hema- 
tite.   From  near  Volpriehausen  in  the  Soiling,  Germany. 

Daubreeite.    An  earthy  yellowish  oxychloride  of  bismuth.    From  Bolivia. 

The  following  are  oxychlorides  of  mercury  from  the  mercury  deposits  at  Terlingua, 
Texas.    Associated  minercds  are  montroydite,  calomel,  native  mercury  and  caldte. 

Egiestonite.  Hg^ClsO.  Isometric  in  minute  crystals  of  dodecahedral  habit.  Many 
forms  observed.  H.  »  2-3.  G.  »  8*3.  Luster  adamantine  to  resinous.  Color  brownish 
yellow  darkening  on  exposure  to  black,    n  »  2 '49.    Volatile. 

Terlinguaite.     HgsClO.     Monoclinic.     In  small  striated  prismatic  crystals  elongated 

Earallel  to  the  6-axis.     Many  forms  observed.     Cleavage  perfect.    H.  «  2-3.    G  =  8*7. 
lUster  adamantine.    Color  sulphur-yellow  changing  to  olive-green  on  exposure. 


m.   Hydrous  Chlorides,  Hydrous  Fluorides,  etc. 

CARNALLITE. 

Orthorhombic.    Crystals  rare.    Commonly  massive,  granular. 

No  distinct  cleavage.  Fracture  conchoidal.  Brittle.  H.  =  1.  G  =  1-60. 
Luster  shining,  greasy.  Color  milk-white,  often  reddish.  Transparent  to 
translucent.  Strongly  phosphorescent.  Optically  + .  2  V  =  70®.  a  =  1  -466. 
/5  =  l;475.     7=1  -494.     Taste  bitter.     Deliquescent. 

Comp.  —  KMgCls.GHzO  or  KCl.MgCl2.6H2O  =  Chlorine  38-3,  potas- 
sium 141,  magnesium  87,  water  390  =  100. 
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Obs.  —  Occurs  at  Staasf urt,  in  beds,  alternatizig  with  thinner  beds  of  common  salt  and 
kieserite.    In  large  crystals  from  Beielirode,  near  KdnigshQtte,  Silesia. 
Use.  —  GainfQlite  is  a  source  of  potash  compounds  used  in  fertilizers. 

DouoLAflFTE,  associated  with  camallite,  is  said  to  be  2KCl.FeClt.2HsO. 

Bischoite.  MgCls.6HiO.  Crystalline-granular;  coloriesB  to  white.  Optically  +. 
fi  »  1*507.    From  Leopoldshall  and  Staasfurt,  Prussia. 

Kremersite.  KCl.NEUCl.FeCls.HsO.  In  red  octahedrons.  From  Vesuvius  and  Mt. 
Etna,  Sicily. 

Mosesite.  A  mercury-ammonium  compound  containing  chlorine,  sulphur  trioxide  and 
water.  Near  kleinUe  in  composition.  Isometric.  Minute  octahedrons.  Spinel  twins. 
H.  s  3+.  Color  yellow.  Doubly  refracting  at  ordinary  temperatures.  Found  sparin^y 
at  Terlingua,  Texas. 

Brythrosiderite.    2KCl.FeCU.H|0.   In  red  tabular  crystals.    Vesuvius. 

Tachhydrite.  CaCls.2MgCls.l2H^.  In  wax-  to  honey-yellow  masses.  From  Staas- 
furt, Germany. 

FlueUite.  AlFa.H^.  In  colorless  or  white  rhombic,  pyramids.  Index,  1*47.  From 
Stenna  Gwyn,  Cornwall.  ' 

ProBopite.  CaFt.2Al(F,0H)s.  In  monoclinic  crystals,  or  granular  massive.  H.  »  4-5. 
G.  s  2*88.  Colorless,  white,  grayish,  fi  »  1*502.  From  Altenberg,  Saxony;  St.  Peter's 
Dome  near  Pike's  Peak,  Col.;  Utah. 

Padmolite  and  Thomsenolite,  occurring  with  cryolite  in  Greenland,  Col.,  and  Ural  Mts., 
have  the  same  composition,  NaF.CaFi.AlFs.HsO.  Both  occur  in  monoclinic  prismatic 
crjrstals;  prismatic  angle  for  pachnolite,  98^  36',  crystal  twins,  orthorhombic  in  aspect. 
fi  =  1*413.  For  thomsenolite,  89°  46',  crystals  often  resembling  cubes,  also  prismatic; 
distinguished  by  its  basal  cleavage;  also  massive,    fi  »  1*414. 

Gearksutite.  CaFs.Al(F,OH)i.H^.  Earthy,  clay-like.  Index,  1*448.  Occurs  with 
cryolite. 

Ralstonite.  (Na3,Mg)F|.3Al(F,OH)s.2H^.  In  colorless  to  white,  isometric,  octa- 
hedrons.    H.  =  4*5.    G.  =  2*56-2*62.    n  =  1*43.    With  the  Greenland  cryolite. 

Creedlte.  2CaFi.2Al(F,OH)i.CaSO«.2H^.  Monoclinic.  In  grains,  prismatic  crys- 
tals and  radiating  masses.  Usually  colorless,  rarely  purple.  H.  »  3*5.  G.  «  2*71.  P^fect 
cleavage.  Indices,  1*46-1  "49.  2  V  «  64^  F  «  6  axis.  Fusible  with  intumescence. 
Soluble  in  acids.    Found  near  Wagon  Wheel  Gap,  Creed  Quadrangle,  Col. 

Tallingite.  A  hydrated  copper  chloride  from  the  Botallack  mine,  Cornwall;  in  blue 
globular  crusts. 

Yttrocerite.  (Y,Er,Ce)Fa.5CaFt.H^.  Massive-tleavable  to  granular  and  earthy. 
H.  -  4-5.  G.  =  3-4.  Color  violet-blue,  gray,  reddish  brown.  From  near  Falun, 
Sweden,  etc. 

V.   OXIDES 

I.   Oxides  of  Silicon, 
n.  Oxides  of  the  Semi-Metals :  Tellurituiiy  Arsenic,  Antimony,  Bismuth ; 

also  Molybdenum,  Tungsten, 
m.  Oxides  of  the  Metals. 

The  Fifth  Class,  that  of  the  Oxides,  is  subdivided  into  three  sections, 
according  to  the  positive  element  present.  The  oxides  of  the  non-metal 
silicon  are  placed  by  themselves,  but  it  will  be  noted  that  the  compounds  of 
the  related  element  titanium  are  included  with  those  of  the  metfJs  proper. 
This  last  is  made  necessary  by  the  fact  that  in  one  of  its  forms  TiOj  is  isomor- 
phous  with  MnOj  and  Pb02. 

A  series  of  oxygen  compounds  which  are  properly  to  be  viewed  as  salts, 
e.g.y  the  species  of  the  Spinel  Group  and  a  few  others,  are  for  convenience  also 
included  in  this  class. 
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OXIDES 

I.  Oxides  of  Silicon 
QUARTZ. 

Riiombobedral-trapezohedral.     Axis:  c  =  1'09997. 

jt',  lOll  A  TlOI  -  85°  46'.  '  mz,  lOlO  A  Olll  -  66°  52'. 

M,    lOll  A  0111  -  4fi°  16'.  -  ms,  lOlO  A  ll2l  =  37°  58'. 

mr,  lOlO  A  lOTl  -  38°  !3'.  mx,  lOlO  A  5lSl  =  12°    1'. 
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Crystals  commonly  prismaiic,  with  the  m(lOlO)  faces  horizontally 
striated;  terminated  conmionly  by  the  two  rhombohedrons,  r(lOTl)  and 
z(OlTl),  in  nearly  equal  development,  giving  the  appearance  of  a  hexa^nal 
pyramid;  when  one  rhombohedron  predominates  it  is  in  almost  all  cases  r. 
Crtten  in  double  six-sided  pyramids  or  quartzoids  through  the  equal  develop- 
ment of  r  and  z;  when  r  is  relatively  large  the  form  then  has  a  cubic  asp^t 
(rr'  "  85°  46').  Crystals  frequently  distorted,  when  the  correct  orientation 
may  be  obscure  except  as  shown  by  the  striations  on  m.  Crystals  often  elon- 
gated to  acicular  "forms,  and  tapering  through  the  oscillatory  combination  of 
successive  rhombohedrons  with  the  prism.  Occasionally  twisted  or  bent. 
Frequently  in  radiated  masses  with  a  surface  of  pyramids,  or  in  druses. 

Simple  crystals  are  either  rights  or  Icffr-h&ided.  On  a  ryht-kaTided  crystal  (Pie.  690) 
the  right  trigonal  pyramid,  8(ll2l),  if  present,  lies  tii  the  n^t  of  the  m  face,  which  is 
below  the  [KredonunatiDg  positive  rhombohedron  r,  and  with  this  belong  the  positive 
ri^t  trapeiohedronH^  aa  i{5l6l).  On  a  Uft-^ianded  crystal  (Fig.  691),  s  Lea  to  the  left 
of  the  m  below  r.  The  rights  and  left-handed  forms  occur  together  only  in  twins.  In  the 
absence  of  trapezohedral  faces  the  striations  on  g  Q  edge  r/tn),  if  distinct,  serve  to  dis- 
tinguish the  faces  r  and  z,  and  hence  show  the  rigitt-  and  left-handed  character  of  the 
crystals.  The  right-  and  left-handed  character  is  also  revealed  by  etching  (Art.  S86)  and 
by  pyro-electricity  (Art.  488). 

Thermal  study  of  quarti  shows  that  it  exists  Id  two  modifications,  known  as  a- 
and  Quarti.  o-quarti  is  apparentlv  hexagonal,  trapeiofaedral-tetartohedral  and  is 
formed  at  temperatures  below  575°  while  3-quarti  is  hexasonal,  trapcsohcdral-hemihedral 
and  forms  at  temperatures  randng  from  575°  to  800°.  Above  800°  tridymite  is  formed. 
'  s  of  oHiuartz  change  with  increase  of  temperature  up  t«'5T5°,  the  inver- 
ii&rtz,  while  b         rr- ■  ■  -  ■  .     .      / 


The  cnfstal  an^es  of  oH^uartz  change  with  increase  of  temperati 
"e  beyona  this  point  they 


n  point  to  Quartz, 


nearly  constant.    In  a  similar 
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manner  at  this  point  there  is  a  sudden  marked  lowering  of  the  refractive  indices  and  birefrin- 
^nce.    o-quarti  occurs  in  veins  &nd  geodes  and  laiwe  pegmatites  while  the  ff  modificatioa 

—  ' — ''  ■ ■■■' nite,  granite  pegmatites,  and  porphyries.    Tridj~-' — "■ —  ■-—•—■ 

rer  mto  cristobalite.    Quarti,  tridvmite  and  cni 
a  polymers  of  the  fundiuoetital  molecule,  SiO^ 

Twins:  (1)  tw.  axis  c,  all  axes  parallel.  (2)  Tw.  pi.  a,  sometimes  called 
the  BtozH  law,  usually  as  irregular  penetration-twins  (Fig.  692).  (3)  Tw.  pi. 
f  (llS2),  contact-twins,  the  axes  crossing  at  angles  of  84°  33'^d  with  a  prism 
face  in  common  to  the  two  individuals.  (4)  Tw.  pi.  r(lOTl).  See  further 
p.  168  and  Figs.  427-429.  Massive  fonns  common  and  iu  great  variety,  pass- 
ing from  the  coarse  or  fine  granular  and  crystalline  kinds  bo  those  which  are 
flint-like  or  cryptocrystalline.  Sometimes  mammillary,  stalactitic,  and  in 
concretionary  forms ;  as  sand.  __ 

Cleavage  not  distinctly  observed;  sometimes  fracture  surfaces  (]1  r(lOn), 
2(0lTl)  and  m(lOlO),  developed  by  sudden  cooling  after  being  heated  (see  Ari;. 
279) .     Fracture  conchoidal  to  subconchoidal  in  crystallized  forms,  uneven  to 
splintery  in  some  massive  kinds.     Brittle  to  tou^.     H.  =  7,    G.  =  2-653- 
2-660  in  crystals;   cryptocrystalline  forms  somewhat  lower  (to  2-60)  if  pure, 
but  impure  massive  forms  {e.g.,  jasper)  higher.     Luster  vitreousr.sometimes 
greasy;  splendent  to  nearly  dull.     Colorless  when  pure;  often  various  shades 
of  yeUow,  red,  brown,  green,  blue,  black.     Streak  white,  of  pure  varieties;  if 
impure,  often  the  same  as  the  color,  but  much  paler.     Transparent  to  opaque. 
Optically  +.    Double    refraction    weak.     Polarization    circular;     right- 
handed  or  left-handed,  the  optical  character 
MS  correepondiog    to     right-    and    left-handed 

character  of  crystals,  as  defined  above;  in 
twins  (law  2),  both  right  and  left  forma 
sometimes  united,  sections  then  often 
showing  Airy's  spirals  in  the  polariscope 
(ct.  Art.  394,  p.  270,  and  Fig.  692).  Ro- 
tatory power  proportional  to  thicknesa  of 
plate.  Refractive  indices  for  the  D  line, 
«  =  1-54418,  t  =  1-55328;  also  rotatory 
power  for  section  of  1°™  thickness,  a:  =  21-71 
(D  line).  Pyroelectric;  also  electric  by 
pressure  or  piezo-electric-  See  Arts.  438, 
439.  On  etching-figures,  see  Arts.  286,  287. 
Basal  seoUon  in  pdariwdli^t,  show-  Comp.  —  Silica,      or      silicon      dioxide, 

ing  interpenetration  of  right- and  SiOi  =  Oxygen   533,     silicon  467     =    100. 
left-h&nded  portions.      Des  Cloi- 

■**•"■  In  massive  varieties  often  miiced  with  a  little  opal 

silica.    Impure  varieties  contain  iron  oxide,  calcium 
carbonate,  clay,  sand,  and  various  minerals  as  inclusions. 

Artif .  —  Quarts  has  been  produced  artificial^  in  numerous  ways.  Recently  crystals 
have  been  obtained  at  temperatures  below  76(r  from  melt«  containinp  disolved  silica 
which  were  composed  of  (1)  a.  mixture  of  potassium  ajid  lithium  chlondes,  (2)  vanadic 
acid,  (3)  sodium  tungstate.    At  higher  temperatures  tridymite  crystab  formed. 

Var.  —  A.  Pbenocrtstaujke:  Crystallized,  vitreous  in  luster.  B,  Cetptochtstal- 
line:  Flinl-like,  massive. 

The  first  division  includes  all  ordinary  vitreous  quartz,  whether  having  crystalline  faces 
or  not.  The  varieties  under  the  second  are  in  ^neral  act«d  upon  somewhat  more  by 
attritioD,  and  by  chemical  agents,  as  hydrofluonc  acid,  than  those  of  the  first.  lo  all 
kinds  mode  up  of  layers,  as  agate,  successive  layeis  ore  unequally  eroded. 
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A.    Phsnocrtbtalline  or  Vitreous  Varieties 

Ordinary  Crystallized;  Rock  Crystal.  —  Colorless  quart?,  or  nearly  so,  whether  in  dis- 
tinct crystals  or  not.  Here  belong  the  Bristol  diamonds,  Lake  George  diamonds,  Brazilian 
pebbles,  etc.  Some  variations  from  the  common  type  are:  (a)  cavernous  crystals;  (6)  cap- 
quartz  made  up  of  separable  layers  or  caps;  (c)  drusy  quartz,  a  crust  of  small  or  minute 
quartz  crystals;  (d)  radiated  quartz,  often  separable  into  radiated  parts,  having  p3rramidal 
terminations;  (e)  fibrous,  rarely  deUcately  so.  as  a  kind  from  Griqualand  west.  South 
Africa,  altered  from  crocidolite  (see  caCs-eye  below,  also  crocidolite,  p.  493). 

Asteriated;  Star-qtuirtz,  —  Containing  within  tne  crystal  whitish  or  colored  radiations 
alone  the  diametral  planes.    Occasional^  exhibits  distinct  asterism. 

Ametkysline;  Amethyst.  —  Clear  purple,  or  bluish  violet.  Color  perhaps  due  to  man- 
ganese. 

Rose.  —  Rose-red  or  pink,  but  becoming  paler  on  exposure.  Commonly  massive. 
Luster  sometimes  a  little  greasy.    Color  perhaps  due  to  titanium. 

Yellow;  False  Topaz  or  Citrine.  —  Yellow  and  pellucid;  resembling  yellow  topaz. 

Smoky;  Caimgorm  Stone.  —  Smoky  yellow  to  dark  smoky  brown,  and  often  trans- 
parent; vaiying  to  brownish  black.  Color  is  probably  due  to  some  organic  compound 
(Forster).  Called  cairngorms  from  the  localitv  at  Caim^rm,  southwest  of  Banff,  in 
Scotland.    The  name  morion  is  given  to  nearly  black  varieties. 

MiUcy.  —  Milk-white  and  nearly  opaque.    Luster  often  greasy. 

Sidentey  or  Sapphire-quartz.  —  Of  mdigo  or  BerUn-blue  color;  a  rare  variety. 

Sagenitic.  —  Inclosins  acicular  crystals  of  rutile.  Other  included  minerals  in  acicular 
forms  are:  black  tourmaune;  gdthite;  stibnite;  asbestos;  actinohte;  hornblende;  epidote. 

Cai's-eye  exhibits  opalescence,  but  without  prismatic  colore,  especially  when  cut  en  car 
bochon,  an  effect  sometimes  due  to  fibers  of  asbestus.  Also  present  in  the  siliceous  oseudo- 
morphs,  after  crocidolite,  called  tiger-eye  (see  crocidolite).  The  highly-prized  Oriental 
cat's-eye  is  a  variety  of  chrysoberyl. 

Aventtarine.  —  Spangled  with  scales  of  mica,  hematite,  or  other  mineral. 

Impure  from  the  presence  of  distinct  minerals  distributed  densely  through  the  mass. 
The  more  common  kinds  are  those  in  which  the  impunties  are:  (a)  ferruginoyi,  either  red 
or  yellow,  from  anhydrous  or  hydrous  iron  sesquioxide;  (b)  chloritiCf  from  some  kind  of 
chlorite;   (c)  acHnolUic;  (d)  micaceous;  (e)  arenaceous,  or  sand. 

Containing  liquids  in  cavities.  The  liquid,  usuallv  water  (pure,  or  a  mineral  solution), 
or  some  petroleum-like  compound.  Quartz,  especially  smoky  quartz,  also  often  contains 
inclusions  of  both  liquid  and  gaseous  carbon  dioxide. 

B.    Cryptocrystalline  Varieties 

Chalcedony.  —  Having  the  luster  nearly  of  wax,  and  either  transparent  or  translucent. 
G.  =  2*6-2*64.  Color  wnite^  grayish,  blue,  pale  brown  to  dark  brown,  black.  Also  of 
other  shades,  and  then  having  other  names.  Often  mammillary,  botiyoidal^  stalactitic, 
and  occurring  lining  or  filling  cavities  in  rocks.  It  often  contains  some  disseminated  opal- 
silica.  The  thermal  study  of  chalcedony  shows  that  it  differs  from  quartz  and  may  be 
therefore  a  distinct  species.  The  name  enhydros  is  given  to  nodules  of  chalcedony  con- 
taining water,  sometimes  in  large  amount.  Embraced  under  the  general  name  chalcedony 
is  the  crystalline  form  of  silica  which  forms  concretionary  masses  with  radial-fibrous  and 
concentric  structure,  and  which,  as  shown  by  Rosenbusch,  is  optically  negativCf  unlike  time 
quartz.  It  has  n  —  1'537;  G.  «  2'59-2*64.  Often  in  sphenilites,  showing  the  spheru- 
litic  interference-figure.  Lussatite  of  Mallard  has  a  like  structure,  but  is  optically  +  and 
has  the  specific  gravity  and  refractive  index  of  opal.  It  may  be  a  fibrous  form  of  tridymite. 
See  also  quartzine,  p.  407. 

Camdian.  Sard.  —  A  clear  red  chalcedony,  pale  to  deep  in  shade;  also  brownish  red 
to  brown. 

Chrysoprase.  —  An  apple-green  chalcedony,  the  color  due  to  nickel  oxide. 

Prase.  —  Translucent  and  dull  leek-green. 

Plasma.  —  Rather  bright  green  to  leek-green,  and  also  sometimes  nearly  emerald-green, 
and  subtranslucent  or  feebly  translucent.  Heliotrope,  or  Blood-stone,  is  the  same  stone 
essentially,  with  small  spots  of  red  jasper,  looking  like  drops  of  blood. 

Agate.  —  A  variegated  chalcedony.  The  colors  are  either  (a)  banded;  or  (b)  irre^- 
larly  clouded:  or  (c)  due  to  visible  impurities  as  in  moss  agate,  which  has  brown  moss-like 
or  dendritic  lorms,  as  of  manganese  oxide,  distributed  through  the  mass.  The  bands  are 
delicate  parallel  lines,  of  white,  pale  and  dark  brown,  bluish  and  other  shades;  they  are 
sometimes  straight,  more  often  waving  or  zigzag,  and  occasionally  concentric  circular. 
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The  bands- are  the  edges  of  la^rers  of  depoeitionp  the  agate  having  been  formed  by  a  deposit 
of  silica  from  solutions  intermittently  supplied,  in  irregular  cavities  in  rocks,  and  denving 
their  concentric  waving  courses  from  the  irregularities  of  the  walls  of  the  cavity.  The 
layers  differ  in  porosity,  and  therefore  agates  may  be  varied  in  color  by  artificial  means, 
and  this  is  done  now  to  a  large  extent  with  the  agates  cut  for  ornament.  There  is  also 
agatUed  wood;  wood  petrified  with  clouded  agate. 

Onyx,  —  Like  agate  in  consisting  of  layers  of  different  colors,  white  and  black,  white  and 
red,  etc.,  but  the  layers  in  even  pEmes,  and  the  banding  straight,  and  hence  its  use  for 
cameos. 

Sardonyx.  —  like  onvx  in  structure,  but  includes  layers  of  camelian  (sard)  along  with 
others  of  white  or  whitish,  and  brown,  and  sometimes  black  colors. 

Aaat&-ja8per,  —  An  agate  consisting  of  jasper  with  veinings  of  chalcedony. 

Suiceoiui  nnter.  —  Irregularly  cellular  quartz,  formed  by  deposition  from  waters  con- 
taining silica  or  soluble  silicates  in  solution.    See  also  under  opal,  p.  408. 

FHnt,  —  Somewhat  allied  to  chalcedony,  but  more  opaque,  and  of  duU  colors,  usuallv 
sray,  smoky  brown,  and  brownish  black,  llie  exterior  is  often  whitish,  from  mixture  with 
fime  or  chalk,  in  which  it  is  embedded.  Luster  barely  glistening^  subvitreous.  Breaks 
with  a  deeply  conchoidal  fracture,  and  a  sharp  cutting  edge.  The  mnt  of  the  chalk  forma- 
tion consists  largely  of  the  remains  of  diatoms,  sponges,  and  other  marine  potxluctions. 
The  coloring  matter  of  the  common  kind  is  mostlv  carbonaceous  matter.  Flint  implements 
play  an  important  part  among  the  rehcs  of  early  man. 

Homstone.  —  Resembles  mnt,  but  is  more  brittle,  the  fracture  more  splintery.  Chert 
is  a  term  often  appUed  to  homstone,  and  to  any  impure  flint>r  rock,  induoing  ihe  jaspers. 

BaaanUe;  Lyaian  SUme^  or  ToucnsUme,  —  A  velvet-black  siliceous  stone  or  flinty  jasper, 
used  on  account  of  its  hardness  and  black  color  for  trying  the  purity  of  the  precious  metals. 
Hie  color  left  on  the  stone  after  rubbing  the  metal  across  it  indicates  to  the  experienced 
eye  the  amount  of  alloy.     It  is  not  splintery  like  homstone. 

Jasper.  —  Impure  opaque -colorBd  ouartz;  commonly  red.  also  yellow,  dark  green  and 
grayish  blue.  Striped  or  rwand  jasper  nas  the  colors  in  broad  stripes.  Porcelain  jasper  is 
nothing  but  .baked  clay,  and  differs  from  true  jasper  in  being  B.B.  fusible  on  the  edges. 

C.    Besides  the  above  there  are  also: 

Granular  Qyartz,  Quartz^ockf  or  Quartzite.  —  A  rock  consisting  of  quartz  grains  very 
firmly  compacted;  the  grains  often  hardly  distinct  Quartzose  SandsUmey  Qtiortz-con" 
{fiomeraU.  —  A  rock  made  of  pebbles  of  quarts  with  sand.  The  pebbles  sometimes  are 
jasper  and  chalcedonv,  and  maxe  a  beautiful  stone  when  polished.  ItacolumUey  or  Flexible 
Sandstone.  —  A  friable  sand-rock,  consisting  mainly  of  auarts-sand,  but  containing  a  little 
mica,  and  possessing  a  degree  of  nexibihty  when  in  thin  uaminBe.  Buhrstone,  or  Burrstone. 
—  A  cellular,  flinty  rock,  having  the  nature  in  part  of  coarse  chalcedony. 

Pseudomorphms  Quartz.  —  Quartz  appears  also  under  the  forms  of  many  of  the  mineral 
species,  which  it  has  taken  through  either  the  alteration  or  replacement  of  crystals  of  those 
species.  The  most  common  quartz  pseudomorphs  are  those  of  calcite,  barite,  fluorite,  and 
sidcffite.    SiUcified  toood  is  quartz  pseudomorph  after  wood  (p.  326). 

Pjrr.,  etc  —  B.B.  unaltered;  with  borax  dissolves  slowly  to  a  clear  glass:  with  soda 
dissolves  with  effervescence;  unacted  upon  by  salt  of  phosphorus.  Insoluble  in  hydro- 
chloric acid,  and  only  shghtly  acted  upon  by  solutions  of  fixed  caustic  alkalies,  the  crypto- 
cr3rstailine  varieties  to  the  greater  extent.  Soluble  only  in  hydrofluoric  acid.  When  fused 
and  cooled  it  becomes  opalnsiUca  having  G.  «  2*2. 

Diff.  —  Characterized  in  crystab  by  the  form,  glassy  luster,  and  absence  of  cleavage; 
also  in  general  by  hardness  and  inf usibility. 

Micro.  —  Easily  recognized  in  rock  sections  by  its  low  refraction  ("  low  rehef,"  p.  212) 
and  low  birefringence  (c  ~  w  *»  0009);  the  interference  colors  in  good  sections  not  rising 
above  yellow  of  the  first  order;  also  by  its  timpidity  and  the  positive  uniaxial  cross  yielded 
by  basal  sections  (p.  270,  note),  which  remain  dark  when  revolved  between  crossed  nicols. 
CJommonly  in  formless  grains  (granite),  also  with  crystal  outline  (porph3Ty,  etc.). 

Obs.  —  Quartz  is  an  essential  component  of  certain  igneous  rocks,  as  granite,  ^ranite- 
porphjrry,  quartz-porphyry  and  rhyolite  in  the  granite  group;  in  such  rocks  it  is  com- 
monly in  formless  grains  or  masses  filling  the  interstices  between  the  feldspar,  as  the  last 
product  of  crystallization.  Further  it  is  an  essential  constituent  in  quartz-diorite,  quartz- 
diorite  porphyry  and  dacites  in  the  diorite  group;  in  the  porphyries  frequently  in  (ustinct 
crystals.  It  occurs  also  as  an  accessory  in  other  feldspathic  igneous  rocks,  such  as  syenite 
and  trachyte.  Among  the  metamorphic  rocks  it  is  an  essential  component  of  certain 
varieties  of  gneiss,  of  quartzite,  etc.  It  forms  the  mass  of  common  sandstone.  It  occurs 
as  the  vein-stone  in  various  rocks,  and  forms  a  large  part  of  mineral  veins;  as  a  foreign  min- 
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eral  in  some  limeBtones,  etc.,  making  geodes  of  crystals,  or  of  chalcedony,  agate,  camelian, 
etc. ;  as  embedded  nodules  or  masses  in  various  limestones,  constituting  the  flmt  of  the  Chalk 
formation,  the  homstone  of  other  limestones.  —  these  nodules  sometimes  becoming  con- 
tinuous layers;  as  masses  of  jasper  occasionally  in  limestone.  It  is  the  principal  material 
of  the  pebbles  of  gravel-beds,  and  of  the  sands  of  the  seashore,  and  sanobeds  everywhere. 
In  graphic  granite  (peffmatiU)  the  quartz  individuals  are  arranged  in  parallel  position  in 
feldspar,  the  angular  particles  resembling  written  characters.  The  quartz  grains  in  a 
frajgmental  sandstone  are  often  found  to  have  undergone  a  secondary  growth  by  the  depo- 
sition of  crystallized  silica  with  like  orientation  to  the  original  nucleus.  From  a  general 
study  of  the  chemical  and  mineralogical  character  of  the  rocks  of  the  earth's  crust  it  has 
been  estimated  that  quartz  forms  about  twelve  per  cent  of  their  constituents. 

Switzerland;  Dauphind,  France^  Piedmont,  Italy;  the  Carrara  quarries,  Italy;  and 
numerous  other  foreign  localities  afford  fine  specimens  of  rock  crystal;  also  Japan,  from 
which  are  cut  the  beautiful  crystal  spheres,  in  rare  cases  up  to  6  inches  in  diameter;  also 
interesting  twin  crystals  from  Kai,  Japan;  Bourg  d'Oisans^  Dauphin6,  France.  Smoky 
quartz  crystals  of  great  beauty,  and  often  highly  complex  in  form,  occur  at  many  points  in 
the  central  Alps,  also  at  Cairngorm,  Scotland.  The  most  beautiful  ameihysU  are  brought 
from  India^  Ceylon,  and  Persia^ova  Scotia,  Brazil,  Guanajuato,  Mexico;  inferior  speci- 
mens occur  in  Transylvania.  The  finest  earneUana  and  agates  are  found  in  Arabia,  India, 
Brazil,  Uruguay,  Surinam,  also  formerlv  at  Oberstein  and  Saxony.  Scotland  affords 
smaller  but  handsome  specimens  (Scotch  pebbles).  The  banks  of  the  Nile  afford  the 
Egyptian  jasper;  the  stnped  jasper  is  met  with  in  Siberia.  Saxony,  and  Devonshire. 

in  N.  Y.,  quartz  crystals  are  abundant  in  Herkimer  Co.,  at  Middleville,  Little  Falb, 
etc.,  loose  in  cavities  in  the  Calciferous  sand-rock,  or  embedded  in  loose  earth.  Fine 
quartzoids,  at  the  beds  of  hematite  in  Fowler,  Herman,  and  Edwards,  St.  Lawrence  Co.. 
also  at  Antwerp,  Jefferson  Co.  On  the  banks  of  Laidlaw  Lake,  Roasie,  large  implanted 
crystals;  at  Ellenville  lead  mine,  UlBter  Co.,  in  fine  groups.  At  Paris,  Me.,  handsome 
crystals  of  brown  or  smoky  quartz.  Beautiful  colorless  crystals  occur  at  Hot  Springs, 
Ark.  Alexander  Ca,  N.  C,  has  afforded  great  numbers  of  highly  complex  crystals,  with 
rare  modifications.  Fine  crystals  of  smoky  quartz  come  from  the  granite  of  the  Pike's 
Peak  region.  Col.  Geodes  of  quartz  crystals,  also  enclosing  calcite,  sphalerite,  etc,  are 
common  in  the  Keokuk  limestone  of  the  west. 

Rose  quartz  occurs  at  Hebron,  Albany,  Paris,  Me.;  Acworth,  N.  H.;  Southbury,  Conn.; 
Custer  Co.,  S.  D.  Amethyatf  in  trap,  at  Keweenaw  Point,  Lake  Superior;  Specimen  Mt., 
Yellowstone  Park;  Jefferson  Co.,  Mon.;  in  Pa.,  at  East  Bradford,  Chester,  and  Provi- 
dence (one  fine  crystal  over  7  lbs.  in  weight),  in  Chester  Co.;  at  the  Prince  vein.  Lake 
Superior;  large  crystals,  near  Greensboro,  N.  C;  crystallized  green  quartz,  in  talc,  at 
Providence,  Delaware  Co.,  Pa.  Chalcedony  and  agates  abundant  and  beautiful  on  north- 
west shore  of  Lake  Superior.  Red  jasper  is  found  on  Sugar  Loaf  Mt.,  Me.;  in  pebbles  on 
the  banks  of  the  Hudson  at  Troy,  N.  Y.;  yellow,  with  chalcedony,  at  Chester,  Mass. 
Agatized  and  jasperized  wood  of  great  beauty  and  variety  of  color  is  obtained  from  the 
petrified  forest  called  Chalcedony  Park,  near  Carrizo,  Apache  Co.,  Ariz.;  also  from  the 
Yellowstone  Park;  near  Florissant  and  elsewhere  in  C^l.;  Amethyst  Mt,  Utah;  Napa 
Co.,  Cal.     Moss  agates  from  Humboldt  Co..  Nev.,  and  many  other  points. 

The  word  quartz  is  of  German  provincial  origin.  Agate  is  from  the  name  of  the  river 
Achates,  in  Sicily,  whence  specimens  were  brou^t,  as  stated  by  Theophrastus. 

Use.  —  In  its  various  colored  forms  as  ornamental  material;  for  abrading  purposes: 
manufacture  of  porcelain,  of  glass;  as  wood  filler;  in  paints,  scouring  soaps,  etc.;  as  sand 
in  mortars  and  cements;  as  quartzite,  sandstone,  etc.,  for  building  stone,  etc.;  as  an  acid 
flux  in  certain  smelting  operations. 

QuABTziNE  is  a  name  which  has  been  given  to  a  form  of  silica  which  is  present  in 
chalcedony  and  is  inferred  to  be  triclinic  in  crystalline  structure.     Lutecite  belongs  here. 

TRIDYMITE. 

Hexagonal  or  pseudo-hexagonal.  Axis  c  =  1*6530.  Crystals  usually 
minute,  thin  tabular  ||  c(OOOl);  often  in  twins;  also  united  in  fan-shaped 
groups. 

Cleavage :  prismatic,  not  distinct;  parting  1 1  c,  sometimes  observed.  Frac- 
ture conchoidal.  Brittle.  H.  =  7.  G.  =  2*28-2'33.  Luster  vitreous,  on  c 
pearly.  Colorless  to  white.  Transparent.  Optically  +.  w  =  1'477.  e  = 
1'479.     Often  exhibits  anomalous  refraction  phenomena. 
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Comp.  —  Pure  silica,  SiOj,  like  quartz. 

Tridymite  is  fonned  above  800**  C.    See  further  under  Quarts,  p.~403. 

Pjrr.,  etc  —  Like  quarts,  but  soluble  in  boiling  sodium  carbonate. 

Obs.  —  Occurs  chiefly  in  acidic  volcanic  rocks,  rhyoUte,  trach^rte,  andesite,  lipaiite, 
less  often  in  dolerite;  usually  in  cavities^  often  associated  with  sanidine,  dso  hornblende, 
ausite,  hematite;  sometimes  in  opal.  Funt  observed  in  crevices  and  druses  in  an  augite- 
andesite  from  the  Cerro  San  Cristobal,  near  Pachuca,  Mexico;  later  proved  to  be  rather 

gxierally  distributed.  Thus  in  trachyte  of  the  Sieb^igebirge,  Gerxnany;  of  Euganean 
ills  in  northern  Italy;  Pu^  Capucin  (Mont-Dore)  in  Central  France,  etc.  In  the  ejected 
masses  from  Vesuvius  consisting  chiefly  of  sanidine.  In  the  lavas  of  Mt.  Etna,  Sicily,  and 
Mt.  Pd^,  Martinique.  From  KibQsan,  Prov.  Higo,  Japan.  With  quarts,  feldbpar, 
favalite  in  lithophyses  of  Obsidian  difif,  Yellowstone  Park.  In  the  andesite  of  Mt.  Rainier, 
Washington. 

Named  from  rpiivfun,  threefold,  in  allusion  to  the  common  occurrence  in  trillings. 

AsMANrrs.  A  form  of  silica  found  in  the  meteoric  iron  of  Breitenbach,  in* very  minute 
grains,  probably  identical  with  trid3rmite;  by  some  r^erred  to  the  orthorhombic  system. 

Cbistobalite.  Christobalite.  Silica  in  white  octahedrons  (pseudo-isometric?).  G.  « 
2*27.  n  —  1*486.  With  tridymite  in  andesite  of  the  Cerro  S.  Cristobal.  Pachuca,  Mexico. 
Also  noted  in  lava  at  Mayen,  Germany,  and  in  meteorites.  For  thermal  relations  to  quartz 
and  tridymite  see  under  quarts,  p.  403. 

MELANOPHLOGrrE.  In  minute  cubes  and  spherical  aggregates.  Occurring  with  calcite 
and  celestite  implanted  upon  an  incrustation  of  opaline  silica  over  the  sulphur  crystals  of 
Girgenti,  Sicily.  Consists  of  SiOi  with  5  to  7  p.  c.  of  SOi,  perhaps  SiOi  with  SiSt.  The 
mineral  turns  black  superficially  when  heated  B.B. 

OPAL. 

Amorphous.  Massive;  sometimes  small  reniform,  stalactitic,  en*  large 
tuberose.    Also  earthy. 

H.  =  5-5-6 -5.  G.  =  r&-2-3;  when  pure  21-2-2.  Luster  vitreous,  fre- 
quently subvitreous;  often  inclining  to  resinous,  and  sometimes  to  pearly. 
Color  white,  yellow,  red,  brown,  green,  gray,  blue,  generally  pale;  dark  colors 
arise  from  foreign  admixtures;  sometimes  a  rich  play  of  colors,  or  different 
colors  by  refract  and  reflect^  light.  Streak  white.  Transparent  to  nearl}'- 
opaque,    n  =  1*44-1 45. 

Often  shows  double  refraction  similar  to  that  observed  in  colloidal  substances  due  to 
tension.  The  cause  of  the  play  of  color  in  the  precious  opal  was  investigated  bv  Brewster, 
who  ascribed  it  to  the  presence  of  microscopic  cavities.  Behrends,  however,  has  given  a 
monograph  on  the  subject  (Ber.  Ak.  Wien^  64  (1),  1871),  and  has  shown  that  this  explana- 
tion is  incorrect;  he  refers  the  colors  to  thm  curved  lamdlse  of  opal  whose  refractive  power 
may  differ  by  0*1  from  that  of  the  mass.  These  are  conceived  to  have  been  origmally 
formed  in  parallel  position,  but  have  been  changed,  bent,  and  finally  cracked  and  broken 
in  the  solioification  of  the  groundmass. 

Comp.  —  Silica,  like  quartz,  with  a  yar3dng  amount  of  water,  SiOs.nHsO 
The  water  is  sometimes  regarded  as  non-essential. 

The  opal  condition  is  one  of  lower  degrees  of  hardness  and  specific  gravity,  and,  as 
generally  believed,  of  incapability  of  crystallization.  The  water  present  varies  from  2  to  13 
p.  c.  or  more,  but  mostly  irom  3  to  9  p.  c.  Small  quantities  of  ferric  oxide,  alumina,  Ume, 
magnesia,  and  alkalies  are  usually  present  as  impurities. 

var.  —  Predoue  Ojxd.  —  Exhibits  a  play  of  aelicate  colors. 

Fire-opal,  —  Hyacmth-red  to  honey-yeUow  colors,  with  fire-Uke  reflections,  somewhat 
irised  on  tumins. 

Oifasol.  —  nluish  white,  translucent,  with  reddish  reflections  in  a  bright  lisht. 

Common  Opal.  —  In  part  translucent;  (a)  milk-opalj  milk-white  to  greenish,  ydlowish, 
bluish;  (6)  Resiiv-opal,  wax-,  honey-  to  ocher-yellow,  with  a  resinous  luster;  (c)  dull  olive- 
green  and  mountain-green:  (d)  brick-red.  Includes  Semiopal;  (e)  Hydrophone,  a  variety 
which  becomes  more  translucent  or  transparent  in  water. 

Cac^long.  —  Opaque,  bluish  white,  porcelain-white,  pale  yellowish  or  reddish. 

Oval-agate.  —  Agate-like  in  structure,  but  consisting  of  opal  of  different  shades  of  color. 

Menilite.  —  In  concretionary  forms;  opaque,  dull  grayish. 
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Jaap^opcd,  Opal-jasper.  —  Opal  containing  some  yellow  iron  oxide  and  other  impurities, 
and  having  the  color  of  ydlow  jasper,  with  the  luster  of  common  opal. 

Wood-oped.  —  Wood  petrified  by  opal. 

Hyalite.  Muller's  Glass.  —  Clear  as  glass  and  colorless,  constituting  globular  concre- 
tions^ and  crusts  with  a  globular  or  botryoidal  surface;  also  passing  into  translucent,  and 
whitish.    Less  readily  dissolved  in  caustic  alkalies  than  other  varieties. 

Schaumopal.  —  A  porous  variety  from  the  Virunga  district,  German  East  Africa. 

FiorUe,  Siliceous  Sinter.  —  Includes  translucent  to  opaque^  grayish,  whitish  or  brownish 
incrustations,  porous,  to  firm  in  texture;  sometimes  fibrous-like  or  filamentous,  and,  when 
so,  pearly  in  luster  (then  called  Pearl-^nter);  deposited  from  the  siliceous. waters  of  hot 
springs. 

Geyserite.  —  Constitutes  concretionary  deposits  about  the  geysers  of  the  Yellowstone 
Park,  Icdandj  and  New  Z^dand^^presenting  white  or  grayish,  porous,  stalactitic,  fila- 
mentous, cauhflower-like  forms,  often  of  great  beauty;  also  compact-massive,  and  scaly- 
massive. 

Floai-stone.  —  In  fight  porous  concretionary  masses,  white  or  grayish,  sometimes 
cavernous,  rough  in  fracture. 

Tripolite.  —  Formed  from  the  siUceous  shells  of  diatoms  (hence  called  diatomite)  and 
other  microscopic  species,  and  occurring  in  extensive  deposits.  Includes  Infusorial  Earth, 
or  Earthy  Tri-polite,  a  veiy  fine-grained  earth  looking  often  like  an  earthy  chalk,  or  a  clay, 
but  harsh  to  the  feel,  and  scratcning  ^lass  when  rubbed  on  it. 

Pyr.,  etc.  —  Yields  water.  B.B.  infusible,  but  becomes  opaoue.  Some  yellow  vari- 
eties, containing  iron  oxide,  turn  red.  Soluble  in  hydrofluoric  acid  somewhat  more  readily 
than  quartz;  sdso  soluble  in  caustic  alkalies,  but  more  readily  in  some  varieties  than  in 
others. 

Obs.  —  Occurs  filling  cavities  and  fissures  or  seams  in  igneous  rocks^  as  trachyte,  por- 
phyry, where  it  has  probably  resulted  from  the  action  of  hot,  ma^atic  waters  upon  the 
silicates  of  the  rocks,  the  fiberated  silica  being  deposited  in  the  cavities  in  the  form  of  opal. 
Also  in  some  metallic  veins.  Also  embedded,  like  flint,  in  limestone^  and  sometimes, 
like  other  quartz  concretions,  in  argillaceous  beds;  formed  from  the  siliceous  waters  of 
some  hot  springs;  often  resulting  from  the  mere  accumulation,  or  accumulation  and  partial 
solution  and  solidification,  of  the  siliceous  shells  of  infusoria,  of  sponge  spicules,  etc..  which 
consist  essentiallv  of  opal-silica.  The  last  mentioned  is  the  probable  source  of  tne  opal 
of  limestones  and  argillaceous  beds  (as  it  is  of  flint  in  the  same  rocks),  and  of  part  of  that 
in  inieous  rocks.     It  exists  in  most  chalcedony  and  flint. 

Frecious  opal  occurs  in  porphyry  at  Czerwenitza,  near  Kashau  in  Hungtuy;  at  Gracias 
a  Dios  in  Honduras;  Queretaro  in  Mexico;  a  beautiful  blue  opal  on  BuUa  dreek,  Queens- 
land; from  White  (Jliff^s,  New  South  Wales,  as  filling  openings  m  sandstone,  in  fossil  wood, 
in  the  material  of  various  fossil  shells  and  bones  and  in  aggregates  of  radiating  pseudo- 
morphic  cnrstals.  Fire-opal  occurs  at  Zimapan  in  Mexico;  the  Faroe  Islands;  near  San 
Antonio,  Honduras.  Gem  opal,  often  of  "black  opal"  type,  comes  from  Humboldt  (I!o., 
Nev.  Common  opal  is  abundant  at  Telkeb^ya  in  Hungary;  near  Pemstein,  etc.,  in 
Moravia;  in  Bohemia;  Stenzelberg  in  Siebengebirge,  Crermany :  in  laeland.  Hyalite 
occurs  in  amygdaloid  at  Schemnitz,  Hunmry;  in  clinkstone  at  Waltsch,  Bohemia;  at  San 
Luis  Potosi,  Mexico;  Kamloope,  British  Columbia. 

In  the  United  States,  hyalite  occurs  sparingly  in  connection  with  the  trap  rock  of  N.  J. 
and  Conn.  A  water-worn  specimen  of  nre-opal  has  been  found  on  the  John  Davis  river, 
in  Crook  Co.,  Ore. 

Common  opal  is  found  at  Cornwall,  Lebanon  Co..  Pa.;  at  Aouas  Calientes,  Idaho 
Springs,  Col.;  a  white  variety  at  Mokelumne  Hill,  Calaveras  Co.,  Cal.,  and  on  the  Mt. 
Diablo  range.  Geyaerite  occurs  in  0reat  abundance  and  variety  in  the  Yellowstone  region 
(cf .  above) ;  also  sihceous  sinter  at  Steamboat  Springs,  Nev. 

Use.  —  In  the  colored  varieties  as  a  highly  prizedgem-etone. 


n.  Oxides  of  the  Semi-Metals;  also  Molybdenum,  Timgsten 

Arsenolite.  Arsenic  trioxide,  AstOi.  In  isometric  octahedrons;  in  crusts  and  earthy. 
Colorless  or  white.    G.  »  3*7.    n  »  1755.    Occurs  with  arsenical  ores. 

Ciaudetite.    Also  AstOt,  but  monodinic  in  form.    In  thin  plates. 

Senannontite.  Antimony  trioxide.  SbiOs.  In  isometric  octahedrons;  in  crustB  and 
granular  massive.  G.  =  5*3.  Colorless,  gra^sh.  n  «  2'087.  Occurs  with  ores  of  anti- 
mony.    From  Algeria;  South  Ham,  Quebec. 
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Sb«Qi}  in  prismfttic  orthorfaombic  crystals.     Index  «  2*34.     From  South 


Ham,  Quebec. 

Biamite.  Bismuth  triozide,  Bi/)s.  Pulverulent,  earthy;  color  straw-jrellow.  FrcHo 
Goldfield,  Nevada,  in  minute  silvery  white,  pearly  scales  that  are  hexaiconal,  rhombo- 
hedral;  optically  — .  Analyses  of  a  number  of  so-called  bismites  show  3iem  to  be  bis- 
muth hydroxide  or  other  compounds. 

Tellurite.    Tellurium  dioxide,  TeOt.    In  white  to  yellow  slender  prismatic  crystals. 

Molybdite.  Molybdenum  trioxide.  MoOt.  In  capillary  tufted  forms  and  earthy. 
Color  straw-yellow.  Amilyses  of  molvbdic  ocher  from  various  localities  show  it  to  be  not 
the  oxide  but  a  hydrous  ferric  molybdate,  Fe]Oi.3MOi.7H«0.    Indices,  1*78-1*90. 

Tonntita.  Tungsten  trioxide,  W0«.  Pulverulent,  earthy;  color  yellow  or  yellowish 
green,  indices,  209-2' 26.  Analysis  of  tungstic  ocher  from  Sahno,  B.  C,  prove  it  to 
have  the  composition  WOs.HtO;  perhaps  identical  with  meymacUe  (a  hydrated  tungstic 
oxide  from  Meymac,  Corr^,  France). 

Cervantite.  Sb«0|JSb«0».  In  yellow  to  white  adcular  crystals;  also  massive,  pul- 
verulent. 

Stibicoiiite.  HiSb/>».  Massive,  compact.  Color  pale  yeUow  to  yellowish  white. 
Index,  1*83. 


m.  Oxides  of  the  Metals 

A.  Anhtdboub  Oxides 

L  Protoiides,  R«0  and  RO. 
n.  Sesquioiides,  R9O1. 

— .  u  ox 

m.  Intennediatey  RIl«04  or  RO.R^Oa,  etc. 
IV.  Dioiides,  ROs. 

The  Anhydrous  03dde8  include,  as  shown  above,  three  distinct  divisions, 
the  Protoxides,  the  Sesquioxides  and  the  Dioxides.  The  remaining  Inter- 
mediate division  embraces  a  number  of  oxygen  compounds  which  are  properly 
to  be  regarded  chemically  as  salts  of  certain  acids  (aluminates,  ferrates,  etc.) ; 
here  is  included  the  well-characterized  Spinel  Group. 

Among  the  Protoxides  the  only  distinct  group  is  the  Periclase  Group, 
which  includes  the  rare  species  Periclase,  MgO,  Manganosite,  MnO,  and 
Bunsenite,  NiO.     All  of  these  are  isometric  in  cr3rBtallization. 

The  Sesquioxides  include  the  well-characterized  Hemattte  Group,  RsOs. 
The  Dioxides  include  the  prominent  Rutile  Group,  ROi.  Both  of  these 
groups  are  further  defined  later. 


I. '  Protoxides,  R«0  and  RO 

CUPRTTB.    Red  Ck>pper  Ore. 

Isometric-plagiohedral.  Commonly  in  octahedrons;  also  in  cubes  and 
dodecahedrons,  often  highly  modified.  Plagiohedral  faces  sometimes  distinct 
(see  p.  71).  At  times  in  capillary  crystals.  Also  massive,  granular;  some- 
times earthy. 

Cleavage:  o(lll)  interrupted.  Fracture  conchoidal,  uneven.  Brittle. 
H.  =  3*5-4.  G.  =  5-85-615.  Luster  adamantine  or  submetallic  to  earthy. 
Color  red,  of  various  shades,  particularly  cochineal-red,  sometimes  almost 
black;  occasionally  crimson-red  by  transmitted  Ught.  StrcSak  several  shades 
of  brownish  red,  shining.  Subtransparent  to  subtranslucent.  Refractive 
index,  n  =  2-849. 
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Arizona 


Var.  —  1.  Ordinary,  (a)  CrystaUised:  oommonly  in  ootahedronsy  dodeeahedronSi 
cubes,  and  intennediate  forms;  the  crystals  often  with  a  crust  of  malachite;  (6)  massive. 

2.  CapiUary;  Chalcotrichite.    Plusn  Copper  Ore.    In  cap- 
illary or  acicular  crystallizations,  which  are  sometimes  cubes  698 
elongated  in  the  direction  of  the  cubic  axis. 

3.  Earthy;  Tile  Ore,  Brick-red  or  reddish  brown  and 
earthy,  often  mixed  with  red  oxide  of  iron;  sometimes  nearly 
black. 

Comp.  —  Cuprous  oxide,  Cu^  »  Oxygen  11*2, 
copper  888  «  100. 

Pyr^  etc  —  Unaltered  in  the  closed  tube.  B.B.  in  the 
forceps  fuses  and  colors  the  flame  emerald-green.  On  char- 
coal first  blackens,  then  fuses,  and  is  reduced  to  metallic 
copper.  With  the  fluxes  ^ves  reactions  for  copper.  Soluble 
in  concentrated  hydrochloric  acid,  and  a  strong  solution  when 
cooled  and  diluted  with  cold  water  yields  a  heavy,  white 
precipitate  of  cuprous  chloride. 

TiiS,  —  Distinguished  from  hematite  by  inferior  hardness,  but  is  harder  than  cinnabar 
and  proustite  and  differs  from  them  in  the  color  of  the  streak;  reactions  for  copper,  B.B., 
are  conclusive. 

Micro.  —  In  {polished  sections  shows  white  with  shining  surface,  usually  pitted.  With 
oblique  illumination,  transparent  deep  red.  With  HNOt  instantly  plated  with  metallic 
copper  which  blackens  and  dissolves.  On  drying  a  thin  film  of  copper  remains.  With  HCl 
darkens  and  is  coated  with  white,  seen  by  oblique  light. 

Obs.  —  Cuprite  is  a  mineral  of  secondary  origin.  It  is  often  formed  as  a  furnace  prod- 
uct and  has  been  noted  as  a  coating  upon  ancient  copper  or  bronze  objects.  Ocoura  at 
Kamsdorf  in  Thunnada;  in  ComwaS,  m  fine  crystals,  at  Wheal  Gorland  and  other  mines; 
in  Devonshire  near  Tavistock^  in  isolated  crystals,  more  or  less  altered  to  malachite,  at 
Cheesy,  near  Lyons,  France;  m  the  Ural  Mts.;  South  Australia;  also  abundant  in  Chile, 
Peru,  Bolivia. 

In  the  United  States  observed  at  Somerville,  etc.,  N.  J.;  at  Cornwall,  Lebanon  Co., 
Pa.;  in  th^  Lake  Superior  region.  From  Ariz,  with  malachite,  limonite,  etc.,  at  the  Cop- 
per ^een  mine,  Bisbee,  sometimes  in  fine  crystals;  beautiful  chalcotrichUe  at  Morenci; 
at  Clifton,  Graham  Co.,  in  crystals,  and  massive. 

Use. —  An  ore  of  copper. 

Ice.  HiQ.  Hexagonal.  Familiarly  known  in  six-rayed .  snow  crystals;  also  coating 
ponds  in  winter,  further  as  glaciers  and  icebergs. 


Periclase  Group 

Peridase.  Magnesia,  MgO.  In  cubes  or  octahedrons,  and  in  grains.  Cleavage  cubic*. 
H.  "6.  G.  «  3*67-3 '90.  n  «  1*74.  Artif.  —  Crystallized  from  a  melt  containing  magne- 
sium chloride  and  silica.  Occurs  in  white  limestone  at  Mte;  Somma,  Vesuvius;  at  the 
Kitteln  manganese  mine,  Nordmark,  Sweden. 

Mannnosite.  Manganese  protoxide,  MnO.  In  isometric  octahedrons.  Cleavage 
cubic.  H.  —  5-6.  G.  «  5' 18.  n  «  2*18.  Color  emerald-green,  becoming  black  on  ex- 
posure.   From  L&ngban  and  Nordmark,  Sweden;  Franklin  Furnace,  N.  J. 

Bunsenite.  Nickel  protoxide,  NiO.  In  green  octahedrons.  From  Johanngeorgen- 
stadt,  Germany. 

Cadmium  oxide.  Isometric.  In  minute  octahedrons.  Forms  a  thin  coating  of  black 
color  and  brilliant  metallic  luster  upcm  calamine  from  Monte  Poni,  Sardinia.  Also  formed 
artificially. 


ZINCITE.    Red  Oxide  of  Zinc. 


Hexagonal-hemimorphic.  Axis  c  »  1*5870.  Natural  crystals  rare  (Fig. 
44j  p.  22) ;  usually  foliated  massive,  or  in  coarse  particles  and  grains;  also  witii 
granular  structure. 
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Cleavage:  c(OOOl)  perfect;  prismatic,  sometimeB  distinct.  Fracture  sub- 
conchoidal.  Brittle.  H.  =  4r-4-5.  G.  =  5*43-5'7.  Luster  subadamantine. 
Streak  orange-yellow.  Color  deep  red,  also  orange-yellow.  Translucent  to 
subtranslucent.    Optically  +. 

Comp.  —  Zinc  oxide,  ZnO  «  Oxygen  19*7,  zinc  80*3  =  100.  Manga- 
nese protoxide  is  sometimes  present. 

Pyr.,  etc  —  B.B.  infusible;  with  the  fluxes,  on  the  j^tinum  wire,  gives  reactions  for 
manganese,  and  on  charcoal  in  R.F.  gives  a  coating  of  sine  oxide,  yellow  while  hot,  and 
white  on  cooling.  The  coating,  moistened  with  cobalt  solution  and  treated  in  O.F.,  as- 
sumes a  green  color.    Soluble  in  acids. 

DIff.  —  Characterised  by  its  color,  particularly  that  of  the  streak;  by  deavage;  by 
reactions  B.B. 

Artif .  —  Zincite  is  often  formed  as  a  furnace  product.  It  is  also  produced  when  sine 
chloride  and  water  vapor  act  upon  lime  at  red  heat. 

Obs.  —  Occurs  witn  f ranklinlte  and  willemite.  at  Sterling  Hill  near  Ogdensburg,  and  at 
Mine  Hill,  Franklin  Furnace,  Sussex  Co.,  N.  J.,  sometimes  inlamelliu'  masses  in  pink 
calcite.    Has  been  reported  from  Poland.    A  not  uncommon  furnace  product. 

tfseJ  —  An  ore  of  zinc. 

Massicot.  Lead  monoxide,  PbO.  Massive,  scaly  or  earthy.  Color  yellow,  reddish. 
Probably  orthorhombic.    Index,  1*735.    Optically  — . 

Tenorite.  Cupric  oxide,  CuO.  In  minute  black  scales  with  metallic  luster;  from 
Vesuvius.  Also  black  earthy  massive  (melaamUe) ;  occurring  with  ores  of  copper  as  at 
Ducktown,  Tenn.,  and  Keweenaw  Point,  Lake  Superior.  Pitchv  black  material  asso- 
ciated with  cuprite,  chrysooolla  and  malachite  from  Bisbee,  Aris.,  has  been  called  mdano- 
chalcUe. 

Paramelaconite  is  essentially  cupric  oxide,  CuO,  occurring  in  black  pyramidal  crystals 
referred  to  the  tetragonal  system.    From  the  Copper  Queen  mine,  Bisbee,  Aru. 

Montrovdite.  HgO.  Orthorhombic.  In  minute  hishly  modified  crystals.  H.  » 
1*6-2.    Color  and  streak  orange-red.    Index,  2*55.    Volatife.    Found  at  Terlingua,  Tex. 


Hematite  Group.    RsO|.    Rh(xnbohedral 

rr' 

c 

Corundum         A1«0«                                               93°  56' 

1-3630 

Hematite          FetO*                                               94°    0' 

1-3656 

nmenite             (Fe,Mg)O.TiOi  Tri-rhombohedral     94°  29' 

1-3846 

Pyrophanite      MnO.TiOi                     "                 94°    5^' 

1-3692 

The  Hematite  Group  embraces  the  sesquioxides  of  aluminium  and  iron. 
These  compounds  crystallize  in  the  rhombohedral  class,  hexagonal  system, 
with  a  fundamental  rhombohedron  differing  but  little  in  angle  from  a  cube. 
Both  the  minerals  belonging  here,  Hematite  and  Corundum,  are  hard. 

To  these  species  the  titanates  of  iron  (and  magnesium)  and  manganese, 
Ilmenite  and  Pyrophanite,  are  closely  related  in  form  though  belonging  to  the 
tri-rhombohedral  class  (phenacite  type) ;  in  other  words,  the  relation  between 
hematite  and  ilmenite  may  be  regarded  as  analogous  to  that  between  calcite 
and  dolomite.  It  is  to  be  noted,  further,  that  hematite  often  contains  tita- 
nium, and  an  artificial  isomorphous  compound,  TisOs,  has  been  described. 
Hence  the  ground  for  writing  the  formula  of  ilmenite  (Fe,Ti)205,  as  is  done  by 
some  authors.  It  is  shown  by  Penfield,  however,  that  the  formula  (Fe,Mg)TiOi 
is  more  correct. 
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CORUNDUM. 

RhombohedraL     Axis  c  ==  1*3630. 
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Twins:  tw.  pi.  r(lOTl),  sometimes  penetration-twins;  often  polysynthetic, 
and  thus  producing  a  laminated  structure.  Crystals  usually  rough  and 
rounded.  Also  massive,  with  nearly  rectangular  parting  or  pseudo-deavage; 
granular,  coarse  or  fine. 

Parting:  c(OOOl),  sometimes  perfect,  but  interrupted;  also  r(lOTl)  due 
to  twinning,  often  prominent;  a(1120)  less  distinct.  Fracture  uneven  to 
conchoidal.  Brittle,  when  compact  very  tough.  H.  =  9.  G.  =  3 -95-4 -10. 
Luster  adamantine  to  vitreous;  on  c  sometimes  pearly.  Occasionally  show- 
ing asterism.  Color  blue,  red,  yellow,  brown,  gray,  and  nearly  white;  streak 
uncolored.  Pleochroic  in  deeply  colored  varieties.  Transparent  to  trans- 
lucent. Normally  uniaxial,  negative;  for  sapphire  co  =  17676  to  17682  and 
€  =  17594  to  17598.    Often  abnormally  biaxial. 

Var.  —  There  are  three  subdivisions  of  the  species  prominently  recognized  in  the  arts, 
but  differing  only  in  purity  and  state  of  crystallization  or  structure. 

Var.  1.  Sapphire,  Ruby.  —  Indudes  the  purer  kinds  of  fine  colors,  transparent  to 
translucent,  useful  as  gems.  Stones  are  namea  according  to  their  colors:  Sapphire  blue: 
true  Ruby  J  or  Orienlcd  Rvby^  red;  Oriental  TopaZf  yellow;  Oriental  Emerald^  fP^een;  Oriental 
Amethyst f  purple.  The  term  sapphire  is  also  often  used  as  a  general  term  to  mdicate  corun- 
dum ^ems  of  any  color  except  red.  A  variety  having  a  stellate  opalescence  when  viewed  in 
the  direction  of  the  vertical  axis  of  the  crystal  is  the  Asteriated  Sapphire  or  Star  Sapphire. 

2.  CoRUNDiTM.  —  Includes  the  kinds  of  dark  or  dull  colors  and  not  transparent,  colors 
light  blue  to  gray,  brown,  and  black.  The  ori|;inal  adamantine  spar  from  India  has  a  dark 
grayish  smoky  brown  tint,  btit  greenish  or  bluish  by  transmitted  light,  when  translucent. 

3.  Emjsrt.  —  Includes  granmar  corundum,  of  black  or  grayish  Uack  color,  and  contains 
magnetite  or  hematite  intimately  mixed.  Sometimes  associated  with  iron  spinel  or  hercy- 
nite.  Feels  and  looks  much  like  a  black  fine-grained  iron  ore,  which  it  was  long  considered 
to  be.  There  are  gradations  from  the  evenly  fine-grained  emery  to  kinds  in  which  the  corun- 
dum is  in  distinct  crystals. 

Comp.  —  Alumina,  AljOs  =  Oxygen  471,  aluminium  52*9  =  100.  The 
crystallized  varieties  are  essentially  piu*e;  analyses  of  emery  show  more  or  less 
impurity,  chiefly  magnetite. 

Artif .  —  Crystallized  corundum  has  been  produced  artificially  in  a  number  of  diffeiv 
ent  ways.  Alumina  dissolved  in  molten  sodium  sulphide,  in  a  fused  mixtiue  of  a  fluoride 
and  potassium  carbonate  or  in  fused  lead  oxide,  will  separate  out  as  crystallized  corundum. 
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Gem  material  has  been  produced  in  this  way,  colored  red,  with  a  chromium  salt,  or  blue 
by  cobalt.  Cnratallked  material  can  also  be  produced  by  fusing  alumina  in  an  electric 
arc.  The  artificial  abrasive,  alundum,  is  made  by  heating  bauxite  to  5000*^-6000^  in  an 
electric  furnace.  Pear-«hapod  drops  of  gem  material  are  made  by  fusing  together  small 
fragments  6i  natural  or  artificial  stones.  Gems  cut  from  them  are  known  as  "  recon- 
structed "  stones  and  have  the  crystalline  and  other  physical  properties  of  the  natural 
mineral. 

Pyr.»  etc.  —  B.B.  unaltered:  slowly  dissolved  in  borax  and  salt  of  phosphorus  to  a 
clear  glass,  which  is  colorless  when  free  from  iron;  not  acted  upon  by  soda.  The  finely 
pulverized  oiineral,  after  long  heating  with  cobalt  solution,  gives  a  beautiful  blue  color. 
Not  acted  upon  by  acids,  but  converts  into  a  soluble  compound  by  fusion  with  potaasiiun 
bisulphate. 

Diff.  —  Characterized  by  its  hardness  (scratehing  quartz  and  topaz)  ^  by  Its  adaman- 
tine luster,  high  specific  gravity  and  infusibility.  The  massive  variety  with  rhombohedral 
parting  resembles  deavable  feldspar  but  is  much  harder  and  denser. 

Micro.  —  In  thin  sections  appears  nearly  colorless  with  hi^  relief  and  low  interfer- 
ence colors. 

Obs.  —  lisually  occurs  in  crystalline  rocks,  as  granular  limestone  or  dolomite,  gneisB, 
granite,  nuca  slate,  chlorite  slate.  The  associated  minerals  often  include  some  species  of 
the  chlorite  group,  as  proghlorite,  corundophilite,  margarite,  also  tourmaline,  spinel, 
cyanite,  diaspore,  and  a  series  of  aluminous  minerals,  in  part  produced  from  its  alteration. 
Occasionally  found  as  an  original  constituent  of  igneous  rocks  containing  high  percentages 
of  alumina.  In  the  Ural  Mts.  are  found  an  anortnite  rock  containing  nearly  60  per  cent  of 
corundum,  a  corundum  syenite  with  18  per  cent,  and  a  pe^atite  with  35  per  cent.  A 
corundum  anorthosite  and  corundum  syenites  are  found  in  Canada.  Important  deposits 
of  eorundum  in  North  Carolina  and  Georgia  are  associated  with  dunite  rocks.  Rarely 
observed  as  a  contact-mineral.  The  fine  sapphires  are  usually  obtained  from  the  beds  of 
rivers,  pither  in  modified  hexagonal  prisms  or  in  rolled  masses,  accompanied  by  grains  of 
magnetite;  and  several  kinds  of  gems,  as  spinel,  cte.  The  em^  of  Asia  Minor  occurs  in 
granular  limestone. 

The  best  rubies  come  from  the  mines  in  Upper  Burma,  north  of  Mandalay,  in  an  area 
covering  25  to  30  square  miles,  of  which  Mo^k  is  the  center.  The  rubies  occur  in  mtu  in 
crystalhne  limestone,  also  in  the  soil  of  the  hillsides  and  in  gem-bearing  gravels  of  the  Irra- 
waddy  River.  Blue  sapphires  are  brought  from  Ceylon  from  the  Ratnapura  and  Rakwena 
districts,  often  as  rollea  pebbles,  also  as  well-preserved  crystals.  Corundum  occurs  in  the 
Camatic  on  the  Malabar  coast,  on  the  Chantibun  hills  in  Siam,  and  elsewhere  in  the  East 
Indies;  also  near  Canton,  China;  from  Naegi,  Mino,  Japan.  At  St.  Gothard,  Switzerland, 
it  occurs  of  a  red  or  blue  ting;c  in  dolomite,  and  near  ^lozzo  in  Piedmont,  Italy,  in  white 
compact  feldspar.  Adamantine  spar  is  met  with  in  large,  coarse,  he.va^nal  pyramids  in 
Gellivara,  Sweden.  Other  localities  are  in  Bohemia,  near  Petschau,  m  Russia,  in  the 
Ilmen  mountains,  not  far  from  Miask  and  in  the  gold-washings  northeast  of  Zlatoust. 
Corundum,  sapphires,  and  less  often  rubies  occur  in  rolled  pebbles  in  the  diamond  gravels 
on  the  Cudgeffong  river,  at  Mudgee  and  other  points  in  New  South  Wales.  Emerjf  is  found 
in  large  bowlders  at  Naxos,  Nicaria,  and  Samos  of  the  Grecian  islands;  also  in  Asia  Minor, 
12  m.  E.  of  Ephesus,  near  Gumuchdagh  and  near  Smyrna,  associated  with  margarite, 
chloritoid,  pyrite.  T.-f 

In  North  America,  in  Mass.,  at  Chester,  with  magnetite,  diaspore,  ripidolite,  'inar- 
garite,  ete.,  was  mined  for  use  as  emery.  In  Conn,  near  Litchfield,  in  N.  Y.,  at  Warwick, 
bluish  and  pink,  with  spinel;  Amity,  in  granular  limestone;  emery  with  magnetite  and 
ereen  spinel  (hercynite)  in  Westehester  Co.,  near  Cruger's  Station,  and  elsewhere.  In 
N.nJ.,  at  Newton,  blue  crystals  in  granular  limestone;  at  Vernon,  at  Sparta  and  elsewhere 
in  Sussex  Co.  In  Pa.,  in  Delaware  Co.,  in  Aston,  near  Village  Green,  m  large  crystals;  at 
Mineral  Hill,  in  loose  cr3n3tal8;  in  Chester  Co.,  at  Unionville,  abundant  in  crystals;  in  large 
cr3rstals  loose  in  the  soil  at  ShimersviUe,  Lehigh  Co.  In  Va.,  in  the  mica  schists  of  bull  Mt., 
Patrick  Co. 

Common  at  many  points  along  a  belt  extending  from  Virginia  across  western  North  and 
South  Carolina  and  Georgia  to  Dudley ville,  Alabama;  especially  in  Madison,  Buncombe, 
Haywood,  Jackson,  Macon,  Clay,  ana  Gaston  counties  in  N.  C.  The  localities  at  which 
most  work  has  been  done  are  the  Culsagee  mine.  Corundum  hill,  near  Franklin,  Macon  Co., 
N.  C,  and  26  miles  S.  E.  of  this,  at  laurel  Creek,  Ga.  The  corundum  occurs  in  beds  in 
chrysolite  (and  serpentine)  and  hornblendic  gneiss,  associated  with  %  species  of  the  chlorite 
group,  also  spinel,  ete.,  and  here  as  elsewhere  with  many  minerals  resulting  from  its  altcra- 
uon.    Some  fine  rubies  have  been  found.     Fine  pink  crystals  of  corundum  occur  at  Hia- 
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wasaee,  Towiu  Co.,  Ga.  Id  Col.,  small  blue  crystals  occur  in  mica  schist  near  Salida, 
Chaffee  Co>  Gem  sapphires  are  found  near  Helena,  Mod.,  id  gold-waahiDKB  and  id  bars  in 
the  Missouri  river,  especially  the  Eldorado  bar;  at  Vo)^  Gulcb  on  the  Ju^th  river  and  at 
other  points  in  the  state.  These  latter  occur  embedded  ui  aD  ii^eous  dike  that  cuts  throu^ 
the  liinestoae  formation.  laCal.,  in  Los  Angeles  Co.,  in  thednftof  Saa  Francisqueto  Pa^ 
In  Canada,  at  Burgess,  Ontvio,  red  and  blue  cryat&ls;  in  a  syenite  from  Renfrew  Co., 
ODtario. 

Uao.  —  Clear  varieties  of  corundum  form  valuable  gem  stones  as  noted  above.  Also 
fonnerty  largely  used  as  an  abrasive;  at  present  various  artificial  abrasives  are  mostly 
uaedinstead- 

HEHATTTE. 

Rbombohedral.    Axis  c  =  13656. 
cr,    0001  A  lOtl  -  67*  37'. 


«',  10l4  A  T104  -  37'  2'. 
n',a43  A  2^3  -  51°  69'. 
Fi,  0001  A  ^43  -  61°  13'. 


Twins:  tw.  pi.  (1)  cCOOOl),  penetration-twins;  (2)  r(0lT2),  less  common, 
usually  as  polysynthetic  twin- 
ning lajneUfB,  producing  a  fine 
striation  on  c{0001),  and  giv- 
ing rise  to  a  distinct  parting 
or  pseudo-cleavage  |1  r(lOTl). 
Crystals  often  Uiick  to  thin 
tabular  ||  c,  and  grouped  in  paral- 
lel position  or  in  rosettes; '  c  faces 
striated  1|  edge   c/d  (0112)  and 

other  forms  due  to  oscillatory  combination;  also  in  cube-like  rhombohedrons; 
rbombohedral  faces  u(10l4)  horizontally  striated  and  often  roimded  over  in 


convex  forms.  Also  columnar  to  granular,  botryoidal,  and  stalactitic  shapes; 
also  lamellar,  laminse  joined  paraBel  to  c,  and  variously  bent,  thick  or  thin; 
also  granular,  friable,  earthy  or  compact. 

Parting:  c{0001),  due  to  lamellar  structure;  also  r{10ll),  caused  by  twin- 
ning. Fracture  subconchoidal  to  uneven.  Brittle  in  compact  forms;  elastic 
in  thin  laminte;  soft  and  unctuous  in  some  loosely  adherent  scaly  varieties. 
H.  =  5-5-6-5.  G.  -  4'9-53;  of  crystals  mostly  5-20-5'25;  of  some  compact 
varieties,  as  low  as  4-2,  Luster  metallic  and  occasionally  splendent;  some- 
times dull.  Color  dark  steel-gray  or  iron-black;  in  very  thin  particles  blood- 
red  by  transmitted  light;  when  earthy,  red.  Streak  cherry-red  or  reddbh 
brown.     Opaque,  except  when  in  very  thin  laminfe. 

Var.  1.  Specular.  Luster  metallic,  and  crystals  ofteD  splendent,  whence  the  name 
tpecidar  iron.  When  the  structure  is  foliated  or  micaceous,  the  ore  is  called  mtcaceoiM 
hematite:  some  cA  the  micaceous  varieties  are  soft  and  unctuous.  Some  varieties  are 
magnetic,  but  probaMy  from  admixed  magnetite  (Arts.  441,  44S). 
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th)e  form  of  sand  at  Menaccan,  Ck>niwall  (menaccanite);  Gastem  in  Tyrol  (kibddo^ume); 
Binnental,  Switzerland.  One  of  the  most  remarkable  is  at  Kragero,  Norway,  where  it 
occurs  in  veins  or  bed ;  in  diorite,  which  sometimes  afford  crvstals  wei^iing  over  16  pounds. 
Others  are  Egenund,  Arendal,  Snarum  in  Norway;  St.  Gothard,  Switserluid,  etc. 

Fine  crystals,  sometimes  an  inch  in  diameter,  occur  in  Warwick,  Amity,  and  Monroe, 
Orange  Co.,  N.  Y.;  Litchfield,  Conn.  (^washingUmUe).  Crystals  from  Chester  and  Quincy, 
Mass.  Vast  deposits  or  beds  of  titamc  ore  occur  at  Bay  St.  Paul  in  Quebec,  Canada,  in 
I  yenite:  also  in  the  Seignory  of  St.  Francis,  Beauce  Co.  Grains  are  found  in  the  gold  sand 
of  California. 

The  titanic  iron  of  massive  rocks  is  extensively  altered  to  a  dull  white  opaque  substance, 
called  leucoxene  by  GOmbel.    This  for  the  most  part  is  to  be  identified  with  titanite. 

Senaite.  (Fe.Mn.Pb)O.TiOi.  Tri-rhombohedral.  H.  "6.  G.  »  5'3.  Color  bladL 
Streak  brownish  blacK.    Found  in  the  diamond-bearing  sands  of  Diamantina,  Brazfl. 

Arizonite.  FeiOi.3TiOs.  Monoclinic?  Crystal  faces  rough.  H.  «  6*5.  G.  =  4-25. 
Color  dark  steel-my.  Streak  brown.  Decomposed  by  hot  concentrated  sulphuric  acid. 
Found  with  gadounite,  25  miles  southeast  of  Hackberry,  Ariz. 

Pyrophanite.  Manganese  titanate,  MnTiOs.  In  thin  tabular  rhombohedral  crystab 
and  scales,  near  ilmenite  in  form  (p.  417).  H.  »  5.  G.  <«  4'537.  Luster  vitreous  to  sub- 
metallic.  Color  deep  blood-red.  Streak  ocher-yeUow.  From  the  Harstig  mine,  Pajsberg, 
Sweden. 

SxTAPABTTE.  9MnsO«.4FeiOs.MnOt.3CaO.  Not^crystallized.  Good  cleavage.  H.  ^  7. 
G.  »  5*0.  Color  deep  bronze.  Streak  black.  Weakly  magnetic.  Found  at  Sitap^, 
District  Chhindw^Lra,  India. 

Vrbdenburgite.  3Mn«04-2Fe«Os.  Cleavage  parallel  to  octahedron  or  tetragonal 
pyramid.  H.  »  6*5.  G.  »  4*8.  Color  bronze  to  dark  steel-^Kray.  Streak  dark  brown- 
Dtrongly  ma^etic.  Completely  soluble  in  acids.  Found  at  Sela6ngri,  District  Nligpur 
and  at  Gravidi,  District  Vizagapatam,  India. 


in.  Intermediate  Oxides 


The  species  here  included  are  retained  among  the  oxides,  although  chem- 
ically considered  they  are  properly  oxygen-salts,  aluminates,  ferrates,  manga- 
nates,  etc.,  and  hence  in  a  strict  classification  to  be  placed  in  section  5  of  the 
(hcygen-«;alts.    The  one  well-characterized  group  is  the  Spinel  Group. 

nin  n       m 

Spinel  Group.    RIUO4  or  RO.IUO3.     Isometric 

Spinel  MgO.MO, 

Ceylomte  (Mg,Fe)O.Al,0, 

Chlorospinel  MgO.  (Al,Fe)20, 

Picotite  (Mg,Fe)0.(Al,Ct),Oi 

Hercynite  FeO.AljO, 

Gahnite  (Automolite)  ZnO.Al20s 

Dysluite  (Zn,Fe,Mn)  0.  ( Al,Fe),Oi 

Kreittonite  (Zn,Fe,Mg)0.(Al,Fe)20s 

Magnetite  FeO.Fe203 

(Fe,Mg)O.Fe203 

Magnesioferrite  MgO.FesOs 

Franklinite  (Fe,Zn,Mn)0.(Fe,Mn)20i 

Jacobsite  (Mn,Mg)0.(Fe,Mn),Oi 

Chromite  FeO.CrjOs 

(Fe,Mg)0.(Cr,Fe),0, 
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The  species  of  the  Spinel  Group  are  characterized  by  isometric  crystalli- 
sation, and,  further,  the  octahedron  is  throughout  the  conunon  form.  All  of 
the  species  are  hard;  those  with  nonmetaUic  luster  up  to  7*5-8,  the  others 
from  5*5  to  6*5. 

SPmEL. 

Isometric.  Usually  in  octahedrons,  sometimes  with  dodecahedral  trunca- 
tions, rarely  cubic.  Twins:  tw.  pi.  and  comp.  face  o(lll)  common  (Kg. 
707),  hence  often  called  spinelrtwins;  also  repeated  and  polysynthetic,  pro- 
ducing tw.  lamellse. 

Cleavage:  a(lll)  imperfect.  Fracture  conchoidal.  Brittle.  H.  —  8. 
G.    =  3*5-4*l.      Luster  vitreous;  706  707 

splendent  to  nearly  dull.  Color 
red  of  various  shades,  passing  into 
blue,  green,  yellow,  brown  and 
black;  occasionally  almost  white. 
Streak  white.  Transparent  to 
nearly  opaque.  Refractive  index: 
n«  1-7155. 

Comp.  —  Magnesium     alumin- 
ate,    MgAljO*    or    MgO.AljOa  = 
Alumina  71*8,    magnesia   28*2  — 
100.    The  magnesium  may  be  in  part  replaced  by  ferrous  iron  or  man- 
ganese, and  the  aluminium  by  ferric  iron  and  chromium. 

Var.  —  RuBT  Spinel  or  Magnesia  Spinel,  —  Clear  red  or  reddish;  transparent  to 
translucent;  sometimes  subtranslucent.  G.  =  3*63-3-71.  Compo  ition  normal,  with 
little  or  no  iron,  and  sometimes  chromimn  oxide  to  which  the  red  color  has  been  ascribed. 
Tlie  varieties  are:  (a)  Spinel-Rtibyj  deep  red;  h)  Balaa-Rubyy  rose-red;  (c)  RuJtnceUe^ 
yellow  or  orangQ-red:  (rf)  Almandiney  violet. 

Cetlonttb  or  PlewiaeUj  Iron-Magnesia  Spinel.  —  CJolor  dark  green,  brown  to  black, 
mostly  opaque  or  nearly  so.  G.  »  3*5-3*6.  Contains  iron  replacing  the  magnesium  and 
perhaps  also  the  aluminium,  hence  the  formula  fMK,Fe)O.AlsO«  or  (Mg,Fe)0.(Al,Fe)sOt. 

Chlorgspinel  or  Magnesia-Iron  Spinel.  —  Color  grass  green^  owing  to  the  presence  of 
copper.    G.  —  3*591-3*594.    Contains  iron  replacing  the  alumimum,  MgO.(Al,F€^«Os. 

PicoTiTE  or  Chrome-Smnel  —  Contains  chromium  and  also  has  the  magnesium  largely 
repla  ed  by  hron  (Mg.Fe)0.(Al,Cr)jOi,  hence  l3ang  be  ween  spinel  prope  and  chromite. 
G.  s  4*08.    Color  dark  yellowish  brown  or  greenish  brown     Translucent  to  nearly  opaque. 

Pyr.,  etc  —  B.B.  alone  infusible.  Slowly  soluble  in  borax,  more  readilv  m  salt  of 
phosphorus,  with  which  it  gives  a  reddish  bead  while  hot,  becoming  faint  chrome-green 
on  cooling.  Black  varieties  give  reactions  for  iron  with  the  fluxes.  Soluble  with  difficulty 
in  concentrated  sulphuric  add.    Decomposed  by  fusion  with  potassium  bisulphate. 

Diff.  —  Distinguished  by  its  octahecural  form,  hardness,  and  infusibiUt;}r;  zdrcon  has  a 
higher  specific  gravity;  the  true  ruby  (p.  413)  is  harder  and  is  distinguieiied  optically; 
garnet  is  softer  and  fusible. 

Micro.  —  In  thin  section  shows  Ught  color  and  hi^  relief.    Isotroffic. 

Artif.  —  Artificial  spinel  crystals  maybe  obtained  by  direct  crystallization  from  the 
pure  melt  fused  in  the  electric  arc.  They  also  form  from  melts  of  the  oxides  or  fluorides  of 
magnesium  and  aluminium  dissolved  in  boric  acid.  The  addition  of  chromium  and  iron 
oxides  will  produce  various  colors. 

Obs.  —  Spinel  occurs  embedded  in  granular  limestone,  and  with  calcite  in  serpentine, 
gneiss,  and  allied  rocks.  Ruby  spinel  is  a  common  associate  of  the  true  ruby.  Common 
spinel  is  often  associated  with  chondrodite.  It  also  occupies  the  cavities  of  masses  ejected 
from  some  volcanoes.  Spinel  (common  spinel,  also  picotite  and  chromite,  occurs  as  an 
accessory  constituent  in  many  basic  igneous  rocks  especially  those  of  the  peridotite  group; 
it  is  the  result  of  the  crystallisation  of  a  magma  veary  low  in  silica,  hiffh  in  magnesia  and  con- 
taining alumina:  since,  as  in  many  of  the  peridotites  alkalies  are  fU)6ent,  feldspars  cannot 
form,  and  the  AlsO«  and  CrsQi  (also  FesO«  perhaps)  are  compelled  to  form  spinel  (or  corun- 
dum).   The  serpentines  which  yield  spinel  are  altered  peridotites. 
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In  Ceylon,  in  Siam,  and  other  eastern  oountrieB,  occurs  with  beautiful  OQlors,  as  roDed 
pebbles;  in  .upper  Burma  with  the  ruby  (cf.  p.  414)«  Pleonaste  is  found  at  Cand3r,  in 
Ueylon;  at  Aker,  in  Sweden,  a  pale  blue  and  pearl-gray  variety  in  limestone;  small  bkck 
splendent  crystab  occur  in  tne  ancient  ejected  masses  of  Monte  Somma,  Vesuvius :  also  at 
Fargas,  Finland,  with  chondrodite,  etc.;  in  compact  gehlenite  at  Monsoni,  in  the  Fassa 
vall^,  Austria. 

from  Amity,  N.  Y.,  to  Andover,  N.  J.,  a  distance  of  about  30  miles,  is  a  region  of  gran- 
ular limestone  and  serpentine,  in  which  localities  of  spinel  abound;  colors,  green,  iSack, 
brown,  and  less  commonly  red,  along  with  chondrodite  and  other  minerals.  Localities 
are  numerous  about  Warwick,  and  also  at  Monroe  and  Cornwall;  Gouvemeur,  2  m.  N.  and 
}  m.  W.  of  Somerville.  St.  Lawrence  Co.;  green,  blue,  and  occasionally  red  varieties  occur 
at  Bolton,  Boxborougn,  etc..  Mass.  Franklin,  N.  J.,  affords  crystals  of  various  shades  of 
black,  blue,  ^reen,  and  red:  Newton,  Sterling,  Sparta,  Hambuiigh  and  Vernon,  N.  J.,  are 
other  locahties.  With  the  corundum  of  N.  C.  as  at  the  Culsagee  mine,  near  Franklin, 
Macon  Co. :  similarly  at  Dudleyville,  Ala.    Spinel  ruby  at  Gold  Bluff,  Humboldt  Co.,  Cal. 

Good  blade  spinel  is  found  in  Burgess,  Ontario;  a  bluish  spinel  naving  a  rough  cubic 
form  occurs  at  Wakefield,  Ottawa  Co.;  blue  with  dintonite  at  Daillebout,  Joliette  Co., 
Quebec. 

Use.  —  The  colored  transparent  varieties  are  used  as  gems. 

•  Hercynite.  Iron  Spinel,  FeAliOi.  Isometric;  massive,  fine  granular.  H.  «  7-5-8. 
G.  »  3*91-3*96.  Color  black.  From  Ronsberg,  at  the  eastern  foot  of  the  B6hmerwald, 
Bohemia.  A  related  iron-alumina  spinel,  with  about  9  p.  c.  MgO,  occurs  with  magnetite 
and  corundum  in  Cortlandt  township,  Westchester  Co.,  N.  Y.  From  the  tin  drift, 
Moorina,  Tasmania. 

GAHNTTB.    Zinc-Spinel. 

Isometric.  Habit  octahedral,  often  with  faces  striated  ||  edge  between 
dodecahedron  and  octahedr6n;  also  less  commonly  in  dodecahedrons  and 
modifiied  cubes.-   Twins:  tw.  pi.  o(lll). 

Cleavage:  a(lll)  indistinct.  Fracture  conchoids!  to  uneven.  Brittle. 
H.  =  7*5-8.  G.  =  4-0-4 -6.  rigr  =  1-82  (Finland).  Luster  vitreous,  or  some- 
what greasy.  Color  dark  green,  grayish  green,  deep  leek-green,  greenish 
black,  bluish  black,  yellowish,  or  gra3ash  brown;  streak  grayish.  Subtrans- 
parent  to  nearly  opaque. 

Comp.  —  Zinc  aluminate,  ZnAls04  =  Alumina  55*7,  zinc  oxide  44*3  = 
100.  The  zinc  is  sometimes  replaced  by  manganese  or  ferrous  iron,  the 
aluminium  by  ferric  iron. 

Var.  —  AuTOMOLrrE,  or  Zinc  Oahnite,  —  ZnAl^Oi,  with  sometimes  a  little  iron.  G.  « 
4*1-4  "6.    Colors  as  above  given. 

Dtsluitb,  or  Zinc-Manganeae-Iron  Oahnite.  —  (Zn,Fe,Mn)0.(Al,Fe)iOi.  Color  yellow- 
ish brown  or  gra3riBh  brown.    G.  =  4-4  "e. 

KRBrrTONiTE,  or  Zinc-Iron  Oahnite.  —  (Zn,Fe.Mg)0.fAl,Fe)tOi.  In  crystals,  and 
granular  massive.  H.  =  7-8.  G.  =  4"48-4'89.  Color  velvet-black  to  greenish  black; 
powder  grayish  green.    Opaque. 

Pyr.,  etc.  —  Gives  a  coatmg  of  zinc  oxide  when  treated  with  a  mixture  of  borax  and 
soda  on  charcoal;  otherwise  like  i^inel. 

Obs.  —  Occurs  at  Falun  and  F&rila  parish,  Helsingland,  Sweden  (automoUte);  Tr&sk- 
bdle,  Finland;  at  Tlriola,  Calabria,  Italy;  at  Bodenmais,  Bavaria  (kreiUoniU);  Minas 
Geraes,  Brazil;  Ambatofisikely,  Madagascar.  In  the  United  States,  at  Franklin  Furnace, 
N.  J.,  with  franklinite  and  wiUemite;  also  at  Sterling  Hill,  N.  J.  (dysluiU);  with  pyrite  at 
Rowe,  Mass.:  at  a  feldspar  quany  in  Delaware  Co.,  Pa.;  sparinglv  at  the  Deake  mica 
mine,  Mitchell  Co.,  N.  C;  at  the  Canton  Mine,  Ga.;  with  galena,  chalcopyrite,  pyrite  at 
the  Cotopaxi  mine,  Chaffee  Co.,  Col.    In  Canada  at  Raglan,  Renirew  Co.,  Ontario. 

Named  after  the  Swedish  chemist  Gahn.  The  name  AtUomoliUf  of  Ekeberg,  is  from 
aim$MoXot,  a  deserteTf  alluding  to  the  fact  of  the  zinc  occurring  in  an  unexpected  place. 

MAGNBTITE.    Magnetic  Iron  Ore. 

Isometric.  Most  commonly  in  octahedrons,  also  in  dodecahedrons  with 
faces  striated  ||  edge  between  dodecahedron  and  octahedron  (Fig.  710);  in 
dendrites  between  plates  of  mica;  crystals  sometimes  highly  modified;  cubic 


forms  rare.    TwinB:   tw.  pi.  o(lll),  sometimes  as  polysyathetic  twitming 
lamellee,  producing  striatious  on  an  octahedral  face  and  often  a  pseudo-cleav- 


age (Fig,  474,  p.  176).    Massive  with  laminated  structure;  granular,  coarse 
or  fine;  impalpable. 

Cleavage  not  distinct;  parting  octahedral,  often  highly  developed.  Frac- 
ture subconchoidal  to  uneven.  Brittle.  H.  =  5-5-6-5. 
G.  =  5168-5180,  crystals.  Luster  metallic  and 
splendent  to  submetaUic  and  rather  dull.  Color  iron- 
black.  Streak  black.  Opaque,  but  in  thin  dendrites 
in  mica  nearly  transparent  and  pale  brown  to  black. 
Strongly  magnetic;  sometimes  possessing  polarity 
(lodestone).  ' 

Comp.  —  FeFejO,  or  FeO.Fe»Oi  =  Iron  sesquioxide 
69.0,  iron  protoxide  31-0  =  100;  or,  Oxygen  27-6,  iron 
72'4  =  100.  The  ferrous  iron  sometimes  replaced  by 
magnesium,  and  rarely  nickel;  also  sometimes  contains 
tituiium  (up  to  6  p.  c.  TiOj). 

Vw.  —  Ordinary.  ~  (a)  In  crystals.  (6)  Maaaive,  with  peeudo-cleavais,  also  granulsr, 
coarse  or  fine,  (c)  As  loose  sand,  (d)  Ocberoua:  a  black  earthy  kind.  Ordinary  magQe- 
tite  is  attracted  b^  a  maraiet  but  baa  no  power  bf  attracting  particles  of  iron  itself.  The 
property  of  polanty  whicn  distinguishes  the  todettone  (leaa  properly  written  loadstone)  is 
exceptional, 

MaffTiegian.  ^  G.  —  4'41-4'42;  luster  submetaUic;  weak  magnetic;  in  crystals  from 
Sparta,  N.  J.,  and  elsewhere. 

Manganesian.  —  Containing  3'8  to  O'S  p.  c.  manganese  (ManganmagntHU).  From 
Vester  Silfberg,  Sweden. 

P]T.,  etc.  —  B.B.  very  difficultly  fumble.  In  O.F,  loees  its  influence  on  the  magoet. 
With  the  fluxes  reacts  like  hematite.  Soluble  in  hydrochloric  acid  and  solution  reacts  for 
both  ferrous  and  ferric  iron. 

Diff.  —  DistinRuished  from  other  members  of  the  spinel  group,  as  also  from  garnet,  by 
its  being  attracted  by  the  magnet,  ad  well  as  by  its  high  specific  gravity;  franklin ite  and 
chromite  are  only  feebly  mametic  (if  at  all),  and  have  a  brown  or  blackish  brown  streak; 
also,  when  massive,  by  its  Qack  streak  from  hematite  and  limonite;  much  harder  than 
tetrabedrite. 

Miciti. —  In  polished  sections  shown  white  color  with  a  shining,  pitted  surface..  With 
cone.  HCl  alowly  tuns  brown. 

Aitif.  —  Magnetite  is  frequently  formed  as  a  furnace  product.  It  is  easily  formed  in 
artificial  magmas  when  they  are  low  in  the  percentage  of  silica.  It  is  formed  by  the 
broking  down  of  various  minerals  or  by  interreactions  among  miners  in  processes  simi- 
lar to  those  of  contact  metamorphism. 

Obs.  —  Magnetite  is  mostly  confined  to  crystalline  rocks,  and  is  most  abundant  in 
metamorphic  rocks,  though  widely  distributed  auo  in  grainy  in  eruptive  rocks.  It  is  found 
most  abundantly  in  the  ferro-magnesian  rocks,  occurring  at  times  in  large  segregated 
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masses.  Th^ee  are  often  hidily  titaniferous.  In  the  Archsan  rocks  the  beds  are  oi  im- 
mense extent^  and  occur  under  the  same  conditions  as  those  of  hematite.  It  is  an  ingre- 
dient in  most  of  the  massive  variety  of  corundum  called  emery.  The  earthy  magnetite 
is  found  in  bogs  like  bog-iron  orei  Occurs  in  meteorites,  and  forms  the  crust  of  meteoric 
irons. 

Presoit  in  dendrite-like  forms  in  the  mica  of  many  localities  following  the  direction  of 
the  lines  of  the  percussion-figure,  and  perhaps  of  secondary  ori|^.  A  common  alteration- 
product  of  minerals  containing  iron  protoxide,  e.^.,  present  in  veins  in  the  serpentine 
resiiltine  from  altered  chrysolite. 

The  oeds  of  ore  at  Arendal,  Norway^and  nearly  all  the  celebrated  iron  mines  of  Sweden, 
consist  of  massive  magnetite,  as  at  Dannemora  and  the  T&berg  in  Smiland.  Falun, 
in  Sweden,  and  Corsica,  afford  octahedral  crystals,  embedded  in  chlorite  slate.  Splendid 
dodecahedral  crystab  occur  at  Nordmark  in  Wermland.  The  most  powerful  native 
magnets  are  found  in  Siberia,  and  in  the  Harz  Mts.,  Germanv;  they  are  also  obtained  on 
the  island  of  Elba.  Other  lociEditioB  for  the  crystallised  mineral  are  Traversella  in  Piedmont, 
Italy;  Achmatovsk  in  the  Ural  Mts.;  Scaiotta,  near  Predazxo,  at  Rothenkopf  and  Wild- 
kreuz|och,  Austrian  Tyrol;  the  Binnental,  Switzerland;  SannatAke,  Bufen^  Japan. 

In  North  America,  it  constitutes  vast  beds  in  the  Archsean,  in  the  Adm>ndack  region, 
Warren,  fissex,  and  Clinton  Cos.,  in  Northern  N.  Y.^  while  in  St.  Lawrence  Co.  the  iron 
ore  is  mainly  hematite;  fine  crystab  and  masses  showmg^road  parting  stufaces  and  yield- 
ing large  pseudo-crystals  are  obtained  at  Port  Heniy,  Essex  Co.;  similarly  in  N  J.;  in 
Canada,  in  Hull,  Greenville,  Madoc,  etc.;  at  Cornwall  in  Pa.,  and  Magnet  Cove,  Ark.  It 
occurs  aJao  in  N.  Y.,  in  Saratoga,  Herkimer,  Orange,  and  Putnam  Cos.;  at  the  Tilly  Foster 
iron  mine,  Brewster,  Putnam  Co.,  in  crystals  and  massive  accompanied  by  chondrooite,  etc. 
In  N.  J„  at  Hamburg,  near  Franklin  Furnace  and  elsewhere.  In  Pa.,  at  Goehen,  Chester 
Co.,  ^a  at  the  French  Creek  mines;  delineations  forming  hexagonal  figures  in  mica  at 
Pepdbsbury.  €ipod  lodestones  are  obtained  at  Magnet  Cove.  Ark.  In  Cu^  in  Sierra  Co., 
abiimdant,  massive,  and  in  crystals:  in  Plumas  Co.;  and  elsewhere.  In  Wash.,  in  large 
deposits.    In  crystals  from  Millard  Co.,  Utah.    Fine  cnrstals  from  Fiormesa,  Cuba. 

1  Named  from  the  loc.  Magnesia  bordering  on  Macedonia.  But  Pliny  favors  Nicander's 
d^vatibn  from  Magnes,  who  first  discovered  it.  as  the  fable  runs,  by  findi^,  on  taking  his 
herds  to  pasture,  that  the  nails  of  his  shoes  ana  the  iron  ferrule  of  his  staff  adhered  to  the 
groimd. 

Use.  —  An  important  ore  of  iron. 

FRANKLINITB. 

Isometric.  Habit  octahedral;  edges  often  rounded,  and  crystals  passing 
into  rounded  grains.    Massive,  granular,  coarse  or  fine  to  compact. 

Pseudo-cleavage,  or  parting,  octahedral,  as  in  magnetite.  Fracture  con- 
choidal  to  uneven.  Brittle.  H.  =  5-5-6-5.  G.  «  5*07-5 '22.  Luster  metallic, 
sometimes  dull.  Color  iron-black.  Streak  reddish  brown  or  black.  Opaque. 
Slightly  magnetic. 

Comp.  —  (Fe,Zn,Mn)0.(Fe,Mn)208,  but  varying  rather  widely  in  the 
relative  quantities  of  the  different  metals  present,  while  conforming  to  the 
general  formula  of  the  spinel  group. 

Pyr.,  etc — B.B.  infusible.  With  borax  in  O.F.  pves  a  reddish  amethystine  bead 
(manganese),  and  in  R.F.  this  becomes  bottle-green  (iron).  With  soda  gives  a  bluish 
green  manganate,  and  on  charcoal  a  faint  coating  of  zinc  oxide,  which  is  much  more  marked 
when  a  mixture  with  borax  and  soda  is  used.  Soluble  in  hydrochloric  add,  sometimes 
with  evolution  of  a  small  amount  of  chlorine. 

Diff.  —  Resembles  magnetite,  but  is  only  slightly  attracted  by  the  magnet,  and  has  a 
dark  brown  streak;  it  also  reacts  for  zinc  on  charoocd  B.B. 

Obs,  —  In  Grermany  occurs  in  cubic  crystals  near  Eibach  in  Nassau;  in  amorphous 
masses  at  Altenberg,  near  Aix-larChapelle.  Abundant  at  Mine  £011,  Franklin  Furnace, 
N.  J.,  with  willemite  and  zincite  in  granular  limestone;  also  at  Sterling  HiU,  two  miles 
distant^  associated  with  willemite. 

Use.  —  An  ore  of  zinc. 

liagnesioferrite.  Magnofemte.  MgFes04.  In  octahedrons.  H.  » 6-6'5  G.  » 
4*568^*654.  Luster,  color,  and  streak  as  in  magnetite.  Stron^y  magnetic.  Formed 
about  the  fumaroles  of  Vesuvius*,  and  especially  those  of  the  eruption  of  1855;  also  found 
at  Mont  Dore,  France. 


_ ,  MapwtK 

and  &t  lAngbu),  Swedeo.     Reporteafrom  Bulgaria. 

CHROHITE. 

Isometric.    In  octahedrons.   Commonly  maseive;  fine  granular  to  compact. 

Fracture  uneven.  Brittle.  H.  =  5-5.  G.  =  4-32--4-57.  Luster  eub- 
metallic  to  metallic.  Color  between  iron-black  and  brownish  black,  but 
sometimes  yellowish  red  in  very  thin  sections.  Streak  brown.  Translucent 
to  opaque.     Sometimes  feebly  magnetic. 

Comp.  —  FeCriOt  or  FeO.CrtO*  =  Chromium  sesquioxide  68"0,  iron 
protoxide  320  -  100. 

The  iron  may  be  replaced  by  magnesium;  also  the  chromium  by  alu- 
minium and  ferric  iron.  The  varieties  containing  but  little  chromium  (up 
to  10  p.  c.)  are  hardly  more  than  varieties  of  spinel  and  are  classed  under 
picotite,  p.  419. 

Pyr.,  etc  —  B.B,  in  O.F,  infusible;  in  R.F.  Bligbtly  rounded  on  the  edoee,  and  beooniM 
magnetic.  With  borax  and  salt  of  pnoaphoruB  gives  beads  which,  while  not,  show  only  a 
reaction  for  iron,  but  on  cooling  become  chrome-greeny  the  ereen  color  ia  heiEbt«ned  by 
fusion  on  charcoal  with  metalUc  tin.  Not  acted  upon  by  acicu,  but  decomposed  by  fusion 
with  potaeaium  or  sodium  bisulphat«. 

Diff.  - —  pi"t;"~..;"i.~i  *-«.«  ^„,^,.: 
yieldiuE  the  n 

Artu.  —  Chromite  c 
boric  oiddee. 

Obs.  —  Occurs  in  peridotite  rocks  and  the  serpentines  derived  from  them,  forming 
veins,  or  in  embedded  masses.  It  is  one  of  the  earhest  minerals  to  ciTHtallize  in  a  cooling 
Tntigma  BJid  its  large  ore  bodies  are  probably  formed  during  the  solidification  of  the  rpcE 
by  the  process  of  magmatic  differentiation.  It  assists  in  giving  the  variegated  ccjor  to 
verde-antique  marble.  Not  uncommon  in  meteoric  irons,  aometmies  in  nodules  as  in  the 
Coahuila,  iron,  less  often  in  crystals  (Lodran). 

Occurs  in  the  Gulsen  mountains,  near  Kraubat  in  Styria;  in  crystals  in  the  islands  of 
Unst  and  Fetlar,  ID  Shetland;  in  the  province  of  lYondhjem  in  Norway';  in  the  Department 
du  Var  in  France;  in  Silesia  and  Bonemia;  abundant  m  Asia  Minor;  in  the  Eastern  and 
Western  Ural  Mts. ;  in  New  Caledonia,  affording  ore  for  commerce. 

In  Md.  at  Baltimore,  in  the  Bare  Hills,  in  veins  or  masses  in  serpentine;  also  in  Mont- 
Komery  Co.,  etc.  In  Pa.,  Chester  Co.,  near  Unionville,  abundant;  at  Wood's  Mine,  near 
Texas,  Lancaster  Co.,  very  abundant.  Massive  and  in  ciyatals  at  Hoboken,  N.  J.,  in  ser- 
pentine and  dolomite.  In  various  localities  in  N.  C.  In  the  southwestern  part  of  the  town 
of  New  Fane,  etc.,  Vt.  A  nugnesian  variety  (milchellUe)  from  Webster,  N.  C.  In  Gal., 
in  Monterey  Co.;  'also  Santa  CIbtb  Co.^  near  the  New  Almaden  mine. 

Use.  —  An  ore  ot  chromium:  used  m  refractory  bricks  for  metallurpcal  furnace  lining; 
as  source  of  certain  red  and  yellow  pigments  and  dyes. 

CBRomiiTE.  Material  in  minute  octahedral  cryntals  occurring  in  sand  at  Zeljin  Mt., 
Servia,  said  to  have  composition,  FeCrOi.  . 

CHRYSOBERTL.     Cymophane. 

Orthorhombic.     Axee  o  :  6  :  c  = 
0-4701  :  1  :  05800. 

mm'",  110  A  iTO  =  50°  21'. 
*«',  120  A  120  =  93°  32*. 
zx',  101  A  101  =  lOI"  57'. 
h',  Oil  A  Oil  =  60°  14'. 
Pfi',  031  A  (Si  -  120°  W. 
00',  111  A  111  -  93-44'. 
oo'",  111  A  111  =  40°  7'. 
nn',        121  A  I21  =    77°  43'. 

Twins:  tw.  pi.  p(031),  both  contact-  and  penetration-cwins;  oft^  re- 
peated and  forming  pseudo-hexagonal  crystals  with  or  without  re-entrant 
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angles  (Fig.  395,  p.  164).    Crystals  generally  tabular  |  a(lOO).    Face  a  striated 
vertically,  in  twins  a  feather-like  striation  (Fig.  713). 

Cleavage:  i(011)  quite  distinct;  6(010)  imperfect;  a(lOO)  more  so.  Frac- 
ture uneven  to  conchoidal.  Brittle.  H.  =  8*5.  G.  =  3*5-3'84.  Luster 
vitreous.  Color  asparagus-green,  grass-green,  emerald-green,  greenish  white, 
and  yellowish  green;  greenish  brown;  yellow;  sometimes  raspberry- or  colum- 
bine-red by  transmitted  light.  Streak  uncolored.  Transparent  to  trans- 
lucent. Sometimes  a  bluish  opalescence  or  chatoyancy,  and  asteriated. 
Pleochroic,  vibrations  ||  F  (=  6  axis)  orange-yellow,  Z  (=^  c  axis)  emerald- 
green,  X  (=  a  axis)  columbine-red.  Optically  +.  Ax.  pi.  ||  6(010).  Bx.  ± 
c(OOl).    a  =  1747.  /3  =  1748.  y  =  1757.     2E  =  84**  43'. 

Var.  1.  Ordinary.  —  Color  pale  green,  being  colored  by  iron;  also  yellow  and  trans- 
parent and  then  used  as  a  gem. 

2.  Alexandrite.  —  Color  emerald-green,  but  columbine-red  by  transmitted  light;  valued 
as  a  gem.  G.  =  3*d44,  mean  of  results.  Supposed  to  be  colored  by  chromium.  Crystals 
often  very  large,  and  in  twins,  like  Fig.  395,  either  six-sided  or  six-ra^ed. 

3.  CaCe-eye.  —  Color  greenish  and  exhibiting  a  fine  chatoyant  effect;  from  Ceylon. 

Comp.  —  Beryllium  aluminate,  BeAl204  or  BeO.AltOs  =  Alumina  80*2, 
glucina  19  8  =  100. 

Pyr.,  etc.  —  B.B.  alone  unaltered;  with  soda,  the  surface  is  merely  rendered  dull. 
With  borax  or  salt  of  phosphorus  fuses  with  great  difficulty.  Ignited  with  cobalt  solu- 
tion, the  powdered  mineral  gives  a  bluish  color.     Not  attacked  by  acids. 

Diff.  —  Distinguished  by  its  extreme  hardness,  greatev  than  that  of  topaz;  by  its  in- 
fusibility;  also  characterized  by  its  tabular  crystallization,  in  contrast  with  beryl. 

Obs.  —  In  Minas  Geraes,  Brazil,  in  rolled  pebbles;  from  Ceylon  in  pebbles  and  crystals; 
at  Marschendorf  in  Moravia;  in  the  Ural  Mts.,  85  versts  from  Ekatennburg,  in  mica  slate 
with  bervl  and  phenacite,  the  variety  alexandrite;  in  the  Orenburg  district,  southern  Ural 
Mts.,  yellow;  in  the  Moume  Mts.,  Ireland. 

In  the  United  States  at  Haddam,  Conn.,  in  granite  traversing  gneiss,  with  tourmaline, 
garnet,  beryl;  at  Greenfield,  near  Saratoga,  N.  Y.,  with  toiurmiuine,  garnet,  and  apatite; 
has  been  found  in  crystals  in  the  rocks  of  New  York  City;  in  Me.  at  Norway,  in  granite 
with  garnet  and  at  Stoneham,  with  fibrolite,  at  Topsham,  Buckfield  and  Greenwood. 

Chrysoberyl  is  from  xpwroSf  goldeuy  fifipvXKot.  beryl.  Cymophanef  from  xv/ia,  toave,  and 
0aiMo,  appear,  alludes  to  a  peciuiar  opalescence  tne  crystals  sometimes  exhibit.  Alexandrite 
is  after  the  Czar  of  Russia,  Alexander  I. 

Use.  —  As  a  gem  stone;  see  under  Var.  above. 

Hausmannite.    Mns04  or  MnO.  MusOt.    In  tetragonal  octahedrons  6uid  twins  (Fig.  414, 

E.  167);  also  raranular  massive,  particles  strongly  coherent.  H.  =  5-5 '5.  G.  «  4*856. 
lUster  submetallic.  Color  brownish  black.  Streak  chestnut-brown.  Occurs  near  Ume- 
nau  in  Thuringia,  Germany;  Ilefeld  in  the  Harz  Mts.,  Germany;  Filipstad,  L&ngban, 
Nordmark,  in  Sweden;  from  Brazil. 

Coronadite.  (Mn,Pb)Mni07.  Massive  with  deUcate  fibrous  structure.  H.  -  4. 
G.  =  5*2.  Color  black.  Streak  brownish  black.  Occurs  in  Coronado  vein  of  the  Clifton- 
Morenci  district,  Arizona.  HoUandite  is  a  similar  manganate  of  meuiganese,  barium 'and 
ferric  iron  from  the  K^jlidongri  manganese  mine.  Central  India. 

Cesdrolite.  HsPbMnsOs.  In  cellular  masses.  Color,  steel-gray.  H.  »  4*5.  G.  »  5*29. 
From  Sidi-Amer-bers-Salem,  Tunis. 

Minium.  Pb804  or  2PbO.PbOi.  Pulverulent,  as  crystalline  scales.  G.  =  4*6.  Color 
vivid  red,  mixed  with  yellow;  streak  orange-yellow.  Okxsurs  in  Germany  at  BleiaJf  in  the 
Eifel;  Badenweiler  in  Baden,  etc. 

Crednerite.  CuiMn^O,  or  3Cu0.2MnfO..  Foliated  crystalline.  H.  =  4*5.  G.  =  4*9- 
5*1.  Luster  metallic.  Color  iron-black  to  steel-gray.  Streak  black,  brownish.  From 
Friedrichroda,  Germany. 

Pseudobrookite.  Probably  Fe4(Ti04)s.  Usually  in  minute  orthorhombic  civstals,  tab- 
ular II  aflOO)  and  often  prismatic  |{  the  macro-axis.  G.  »  4*4-4*98.  Color  dark  brown  to 
black.  Streak  ocher-yellow.  Found  with  hypersthene  (szaboite)  in  cavities  of  the  andedte 
of  Aranyer  Berg,  Transylvania,  and  elsewhere;  on  recent  lava  (1872)  from  Vesuvius;  at 
Havredal,  Bamle,  Norway,  embedded  in  kjerulfine  (wagnerite)  altered  to  apatite. 
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BRAUNITE. 

Tetragonal.  Axis  c  =  0;9850.  Commonly  in  octahedrons,  nearly  iso- 
metric in  angle  (pp'  111  A  111  =  70**  7').    Also  massive. 

Cleavage  :  p(lll)  perfect.  Fracture  uneven  to  subconchoidal.  Brittle. 
H.  =  6-6'5.  G.  =  475-4-82.  Luster  submetallic.  Color  and  streak,  dark 
brownish  black  to  steel-gray. 

Comp.  —  3Mn208.MnSi08  =  Silica  10*0,  manganese  protoxide  11*7,  man- 
ganese sesquioxide  78*3  =  100. 

Pyr.,  etc.  —  B.B.  infusible.  With  borax  and  salt  of  phosphorus  gives  an  amethystine 
bead  in  O.F.,  becoming  colorless  in  R.F.  With  soda  gives  a  bluish  green  bead.  Dissolves 
in  hydrochloric  acid  leaving  a  residue  of  gelatinous  silica.     Marcdine  gelatinizes  with  acids. 

Obs.  —  Occurs  in  veins  traversingporphyry,  at  Oehrenstock.  near  Ilmenau,  Thuringia, 
and  near  Ilefeld  in  the  Harz  Mts.,  Grennany;  St.  Marcel  in  Piedmont,  Italv;  at  Elba; 
at  Botnedal,  Upper  Tellemark,  in  Norway;  at  the  manganese  mines  of  Jakobsberjg,  also  at 
L&ngban,  and  at  the  Sjo  mine,  Grythyttan,  Orebro,  Sweden.  Marceline  (hetooclme)  from 
St.  Marcel,  Pfedmont,  is  impure  braunite. 

Bixbyite.  Essentially  FeO.MnOs.  In  black  isometric  crystals.  H.  »  6-6*6.  G.  » 
4'945.    Occurs  with  topaz  in  cavities  in  rhyolite;  from  Utah. 


IV.  Dioxides,  RO2. 
Rutile  Group.    Tetragonal 


Cassiterite 

SnO, 

c 
0-6723 

Rtttile 

TiO, 

e 
0-6442 

Polianite 

MnOt 

0-6647 

Plattnerite 

PbO, 

0-6764 

'  The  Rutile  Group  includes  the  dioxides  of  the  elements  tin,  manganese, 
titanium,  and  lead.  These  compounds  crystallize  in  the  tetragonal  system 
with  closely  similar  angles  and  axial  ratio;  furthermore  in  habit  and  method 
of  twinning  there  is  much  similarity  between  the  two  best  known  species 
included  here.  Chemically  these  minerals  are  sometimes  considered  as  salts 
of  their  respective  acids,  as  stannyl  metastannate,  (SnO)Sn03,  for  cassiterite 
and  titanyi  metatitanate,  (TiO)Ti08,  for  rutile. 

With  the  Rutile  Group  is  also  sometimes  included  Zircon.  ZrOiSiOs;  c  »  0'6404. 
In  this  work,  however,  Zircon  is  classed  among  the  sihcates,  with  the  allied  species  Thorite, 
ThO,.SiO,,  c  =  0-6402. 

A  tetragonal  form,  approximating  closely  to  that  of  the  species  of  the  Rutile  Group, 
belongs  also  to  a  number  of  other  species,  as  Xenotime,  YPO4;  SeUaite,  MgFt;  Tapiolite, 
Fe(Ta,Nb),0,. 

It  may  be  added  that  ZrOi,  as  the  species  Baddeleyite,  crystallizes  in  the  monodinic 
system. 

CASSITERITE.    Tin-stone,  Tin  Ore 
Tetragonal.    Axis  c  =  0  6723. 

101  A  Oil  =46"  28'. 

101  A  TOl  =  67°  50'. 

Ill  A  111  »  68"  19'. 

Ill  A  III  =  87"  7' 

Twins  common:  tw.  pi.  e(lOl);  both  contact-  and  penetration-twins  (Pig. 
717);  often  repeated.  Crystals  low  pyramidal;  also  prismatic  and  acutely 
terminated.  Often  in  reniform  shapes,  structure  fibrous  divergent;  also  mas- 
sive, granular  or  impalpable;  in  roUed  grains. 


ee 
ee 
as 

88 


ma,  110  A  111  =  46"  27'. 
a?',  321  A  231  -  20"  53i' 
»vtt  321  A  321  -  61"  42'. 
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Cleavage:  a(lOO)  imperfect;  s(lll)  more  so;  m(110}  haj^y  distinct. 
Fracture  subconchoidal  to  uneven.  Brittle.  H.  =  6-7.  G.  =  68-71,  Luster 
adamantine,  and  crystals  usually  splendent.    Color  brown  or  black;  some- 


,4^ 


'^^ 


times  red,  gray,  white,  or  yellow.  Streak  wliite,  grayish,  brownish.  Nearly 
transparent  to  opaque.     Optically  +.    Indices:  ui  =  1-9966,  t  =  20934. 

V«r.  —  Ordinary.     Tin-atone.     In  cryatala  and  massive. 

Wood-tin.  In  botryoidaJ  and  reDifonn  shapes,  concentric  in  structure,  and  radiated 
fibrous  internally,  althou^  very  compact,  with  the  color  brownish,  of  mixed  shades,  looloDg 
somewhat  lUie  dry  ^oodm  ite  colors.  Tooij's-fue  lin  is  the  same,  on  a  smaller  scale.  Stream- 
tin  is  the  ore  in  the  state  of  sand,  as  it  occurs  along  the  beds  of  streams  or  in  grard. 

Con^.  —  Tin  dioxide,  8nOi  =  Oxygen  214,  tin  78  6  =  100.  A  little 
TstOt  is  sometimes  present,  also  FeiOt. 

Pyr.,  etc  —  B.B.  alone  unaltered.    On  charcoal  with  aoda  reduced  to  metallic  tin,  and 

g'ves  a  white  coating.  With  the  fluxes  sometimes  Eivee  reactions  for  iron  and  manganeee. 
nly  slightly  acted  upon  by  acids.     . 

biff.  —  Distinguished  By  il«  high  specific  gravity,  hanlnefis,  infusibility,  and  by  its 
yielding  metallic  tin  B.B.;  reaerables  some  varieties  of  garnet,  sphalerite,  and  black  tour- 
maline.    Specific  gravity  (6*5)  higher  than  that  of  rutUe  (4);  wolframite  is  easily  fusible. 

Artlf.  —  Cassiterite  has  been  artificially  prepared  by  the  action  of  atjueoua  vapor  upon 
tin  tetrachloride  in  a  heated  tube  and  by  other  similar  methods  employmg  heated  vapors. 

Oba.  —  Cassiterite  has  been  noted  as  an  original  constituent  of  igneous  rocks  but  usu- 
ally_  it  occurs  in  veins  traversing  granite,  rhyolite,  quartt  porphyry,  pegmatite,  gneiss,  mica 
schist,  chlorite  or  clay  schist;  also  in  finely  rcticulatea  veins  forming  the  ore-depodte 
called  stockworks,  or  simply  impregnating  the  enclosing  rock.  It  is  most  commonly 
found  in  auartz  veins  traversing  granite,  accompanied  by  minerale  containing  boron  and 
fluorine  which  indicates  a  pneumatolytic  origin.  The  commonly  associated  minerals  are 
quartz,  wolframite,  scbeelite;  also  mica,  topaz,  tourmaline,  apatite,  fluorite;  further 
pyrite,  arsenopyrite,  sphalerite;   molybdenite,  native  bismuth,  etc. 

Formerly  very  abundant,  now  less  so,  in  Cornwall,  in  fine  crystals,  and  also  as  viood-tin 
and  Bb-eam-Hn;  in  Devonsnire,  near  Tavistock  and  elsewhere;  in  peeudomorphs  after 
feldspar  at  Wheal  Coates,  near  St.  Agnes,  Cornwall;  in  fine  crystals,  often  twins,  at 
Schlackenwald,  Graupen,  Joachimstal,  Zinnwald,  etc.,  in  Bohemia,  and  at  Ehrenfriedas- 
dorf,  Altcnberg,  etc.,  in  Saxony;  at  Limoges,  France,  in  splendid  crystals;  Sweden,  at 
Finbo;  Finland,  at  PitkiLranta. 

In  the  East  Indies,  on  the  Malay  peninsula  of  Malacca  and  the  nei^boring  islands, 
Banca,  and  Bilitong  near  Borneo.  In  New  South  Wales  abundant  over  an  ares  of  8500  sq. 
miles,  aLw  in  Victoria,  Queensland  and  Tasmania.  In  Bolivia  in  veins  containing  silver, 
lead,  and  bismuth'  Mexico,  in  Durango,  Guanajuato,  Zacatecas,  Jalisco. 

In  the  United  States,  in  Me.,  sparingly  at  Paris,  Hebron,  etc.  In  Mass.,  at  Chesterfield 
and  Goshen,  rare.  In  N.  H.,  at  Jackson.  In  Va,.  on  Irish  Creek,  Rockbridge  Co.,  with 
wolframite,  etc.  In  N.  C.  and  S,  C.  In  Ala.,  in  Coosa  Co.  In  S.  D.,  near  Harney  Peak 
and  near  Custer  City  in  the  Black  Hills,  where  it  has  been  mined.  In  Wy.,  in  Crook  Co.; 
in  Mon.,  near  Dillon.  In  CaJ.,  in  San  Bernardino  Co.,  at  Temescal.  Has  been  mined  io 
the  York  district,  Seward  Peninsula,  Alaska. 

Us*.  —  The  most  important  ore  of  tin. 
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Ptdlanite.  Manganese  dioxide.  MnOi.  In  oompodte  paraUel  groupings  of  minute 
oyBtals;  alsofonningtheouterah^lof  crystaJa  having  the  form  of  mai^anite.  H.  =  6-6'5. 
G.  -  4-992.  LuBter  metallic.  Color  light  sted-my  or  iron-D'ay.  Streak  black.  From 
Flatten,  Bohemia.  It  is  diBtinguished  from  pyrolusite  by  its  Itardnees  and  its  anhydrous 
character.    Like  pyrolusite  it  is  often  a  peeudomorph  after  manganite. 


RtTTILE. 

Tetragonal.    Axis  c  =  0-64415. 

a^,  310  A  3lO  -  36°  54'. 

«',    101  A  Oil  -  45°    2'. 

m",  101  A  lOl  =  65°  34i'- 
718 


m'.  111  A  Til  =  56  25i'. 
«",  111  A  TTl  =84°  40". 
«',    313  A  133  =  29°    6'. 


iO^ 


vv^ 


Twins:  tw.  pi.  (l)e(lOI);  often  geniculated  (Figs.  720, 
721);  also  contact-twins  of  very  varied  habit,  sometimea 
sixUngs  and  eightllnga  (Fig.  399,  p.  164;  Fig.  413,  p.  166). 
(2)  i>(301)  rare,  contact-twins  (Fig.  415,  p.  167).  Crys- 
tals commonly  prismatic,  vertically  striated  or  fur- 
rowed; often  slender  acicular.  Occasionally  compact, 
massive. 

Cleavage:  o(lOO)  and  m(llO)  distinct;  s(lll)  in  traces.  Fracture  sub- 
conchoidal  to  uneven.  Brittle.  H.  =  6-6-5.  G.  =  418-4-25;  also  to  5-2. 
Luster  metaUic-adamantine.  Color  reddish  brown,  passii^  into  red;  some- 
times yellowish,  bluish,  violet,  black,  rarely  grass-green;  by  transmitted  light 
deep  red.  Streak  pale  brown.  Transparent  to  opaque.  Optically  +. 
Refractive  indices  high:  u  =  2-6158,  t  =  29029.  Birefringence  very  hi^. 
Sometimes  abnormally  biaxial. 

Comp.  —  Titanium  dioxide,  TiOj  =  Oxygen  400,  titanium  600  =  100. 
A  little  iron  is  usually  present,  sometimes  up  to  10  p.  c.  While  the  iron  present 
is  often  reportred  as  ferric  the  probability  is  that  in  the  unaltered  mineral  it 
existed  in  the  ferrous  state. 

The  formula  for  rutile  may  be  written  as  a  titaayl  metatitanate  (TiO)TtOi  With  this 
the  ferrous  titanate  FeTiOi  may  be  considered  isomorphous  and  so  account  for  (he  iron 
frequently  present.  It  has  been  suggested  that  the  tapioUte  molecule,  FeO.TatOt  is  also 
isomorrriiouB  and  that  tapiolitc  belongs  in  the  same  group  as  rutile  and  casRiterite,  see 
tbneTioruiiie,  below , 

V«r.  —  Ordinary,  ^wnishredandothersbades.notblack.  G.  -  418^26.  Trans- 
mrent  quarts  {aa^feniU)  is  sometimes  penetrated  thickly  with  acicular  or  capillary  cn'stals. 
Dark  smoky  quartz  penetrated  with  the  acicular  rutile  or  "rulilated  quarts,  is  tne  Filches 
d'amour  Fr.  (or  Venus  hair-stone).  Acicular  crystals  often  implanted  in  parallel  position 
on  tabular  crystals  of  hematite;  also  somewhat  similarly  on  magnetite. 

Penifertrus.  (a)  Nigrine  is  black  in  color,  whence  the  name;  contains  up  to  30  p.  c.  of 
ferrous  titanate.  (b)  IlmeaoniiUe  is  a  black  variety  from  the  Ilmen  Mts.,  Russia;  contain- 
ing iron  in  the  form  of  ferrous  titanate,  niobate  and  tantaiato.  G.  ^  5'14.  Slriwerile  is 
thnmoe  mineral  with  greater  amounts  of  the  niobat*  present,  [c)  Iserine  from  Iserweise, 
ia,  formwly  considered  to  be  a  variety  of  ilmenite  is  probably  also  a  feniferoua  rutile. 
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Pyr.,  etc.  —  B.B.  infusible.  With  salt  of  phosphorus  gives  a  oolorieas  bead,  which  in 
R.F.  assumes  a  violet  color  on  ooolir^.  Most  varieties  contain  iron,  and  give  a  brownidi 
yellow  or  red  bead  in  R.F..  the  violet  only  appearing  after  treatment  of  the  bead  with 
metallic  tin  on  charcoal.  Insoluble  in  acids;  made  soluble  by  fusion  with  an  alkali  or 
alkaline  carbonate.  The  solution  containing  an  excess  of  acid,  with  the  addition  of  tin- 
foil, ^ves  a  beautiful  violet  color  when  concentrated. 

Diff .  —  Characterized  by  its  peculiar  sub-adamantine  luster  and  brownish  red  color. 
Differs  from  tourmaline,  vesuvianite,  augite  in  being  entirely  unaltered  when  heated  alone 
B.B.    Specific  gravity  about  4,  of  cassiterite  6*5. 

Hicro.  —  In  thin  sections  shows  red-brown  to  yellow  color,  very  hi^  relief  and  high 
order  of  interference  color. 

Artif .  —  Rutile  has  been  formed  artificially  by  heating  titanic  oxide  with  boric  oxide, 
with  sodium  tungstate,  etc.  Rutile,  octahednte  and  brookite  have  all  been  formed  by  heat- 
ing potassium  titanate  and  calcium  chloride  in  a  current  of  hydrochloric  acid  gas  and  sir. 
Rutde  is  formed  at  the  highest  temperature,  brookite  at  lower  temperatures,  and  octahedrite 
at  the  lowest  of  all. 

Otw.  —  Rutile  occurs  as  an  accessoiy  mineral  in  granite,  gneiss,  mica  schist,  and  sye- 
nitic  rocks,  and  sometimes  in  granular  limestone  and  dolomite;  common,  as  a  secondary 
product,  in  the  form  of  microlites  in  many  slates.  A  dike  rock  from  Nelson  Co.,  Va.,  con- 
sists essentially  of  rutile  and  apatite.  It  is  generally  foimd  in  embedded  crjrstals,  often  in 
masses  of  C]uartz  or  feldspar,  and  frequently  in  acicular  crystals  penetrating  qui^s;  also 
in  phlogopite  f which  see),  and  has  been  observed  in  diamond.  It  nas  idso  been  met  with  in 
hematite  and  limenite,  rarely  in  chromite.  It  is  common  in  grains  or  fragments  in  many 
auriferous  sands. 

Prominent  localities  are:  Arendal  and  Kragerd  in  Norway;  Horrsidberg,  Sweden,  with 
lazulite  and  cyanite;  Sauali)e,  Carinthia;  in  the  Ural  Mts.;  m  the  lyrol,  Austria;  at  St. 
Gothard  and  Binnental,  Switzerland;  at  Yrieux.  near  Limo^  in  France;  at  Ohlapian  in 
Transylvania,  nigrine  in  pebbles;  in  large  crystals  in  Perthshire,  Scotland;  in  Doneged  Co., 
Ireland. 

In  Me.,  at  Warren.  In  Ver.,  at  Waterbury;  also  in  loose  bowlders  in  middle  and 
northern  Vermont,  acicular,  some  specimens  of  great  beauty  in  transparent  quartz.  In 
Mass.,  at  Barre,  in  gneias ;  at  Shelbume,  in  mica  slate,  at  Chester.  In  N.  Y.,  in  Oran^  Co., 
Edenville;  Warwick;  east  of  Amity.  In  Pa.,  at  Suosbury,  Chester  Co.,  and  the  adjoining 
district  in  Lancaster  Co.;  at  Parksburg,  Concord,  West  Bradford,  and  Newlin,  Chester  Co.; 
at  the  Poor  House  quarry,  Chester  Co.  In  N.  J.,  at  Newton,  with  spinel.  In  N.  C,  at 
Oowder's  Mountain;  at  Stony  Point,  Alexander  Co.,  in  splendent  crystaJs.  In  Ga^  in 
Haber^am  Co.:  in  Lincoln  Co.,  at  Graves'  Mountain,  with  lazulite  in  large  and  splendent 
crystaJs.  In  Ark.,  at  Magnet  Cove,  conunonly  in  twins,  with  brookite  and  perovslute,  also 
as  paramorphs  after  brqoKite. 

Fine  specimens  of  ''rutilated  quartz,"  from  Minas  Geraes,  Brazil:  Madagascar; 
Taveteh  and  elsewhere,  Switzerland;  West  Hartford,  Ver.;  Alexander  Co.,  N.  C. 

Use.  —  A  source  of  titanium. 

Plattnerite.  Lead  dioxide,  PbOs.  Rarely  in  prismatic  crystals,  usually  massive. 
H.  »  5-5*5.  G.  »  8*5.  Luster  submetallic.  Color  iron-black.  Streak  chestnut-brown. 
From  Leadhill  and  Wanlockhead,  Scotland.  Also  at  the  "As  You  Like''  mine,  MuUan, 
Cceur  d'A16ne  Mts.,  Idaho. 

Baddeleyite.  Zirconium  dioxide,  ZrOs.  In  tabular  monodinic  crystals.  H.  «  6'5.  jC. » 
5'5-6'0.  Colorless  to  yellow,  brown  and  black.  Index,  1*74.  From  Ceylon;  from  Brazil 
near  Caldas,  Minas  G^ties  and  Jacupiranga,  (hragUite)  where  it  is  associated  witii  eirkdUe, 
(Ca,Fe)0-2(Zr,Ti,Th)Os.  Noted  at  Mte.  Somma,  Vesuvius.  Also  near  Bd^man,  Mon. 
Vanous  minerals  occurring  as  rolled  pebbles  in  the  diamond  sands  of  Brazil  are  known  as 
favas  (beans).  Some  of  them  consist  of  nearly  pure  TiOi  others  of  nearly  pure  ZrOs,  while 
others  are  various  phosphates.  Paredrite  is  a  '^fava,"  composed  of  TiOtwith  a  little 
water. 

Uhligite.  Ca(Ti.Zr)05.Al(TiJU)0t.  Isometric.  Octahedral.  Color  black.  Brown 
and  transparent  on  thin  edges.  Foimd  in  a  nepheline  syenite  on  the  shore  of  Lake  Magad, 
East  Africa. 


OCTAHEDRITE.    Anatase. 

Tetragonal.     Axis  c  =  17771. 

Commonly  octahedral  in  habit,  either  acute  (p,  111),  or  obtuse  (v,  117); 


also  tabular,  c(001)  predominating;    rarely  prismatic  crystals;  frequently 
highly  modified. 


«'.  101  A  Oil  = 
w",  101  A  01  - 
p/,  111  A  11  - 
pp",ili  A  TTi  = 

n',    113  A 
mi',    117  A 


■    9'. 

36'. 

54°    1'. 


Tl7  -    27"  ; 

Cleavage:  c(001)  and  p  (111) 
perfect.  Fracture  subconchoidal. 
Brittle.  H.  =  5-5-6.  G.  -  3-82-3-95; 
sometimea  4-11-416  after  heating. 
Luster  adamantine  or  metallic-ad- 
amantine. Color  various  shades  of 
brown,  passing  Into  indigo-blue,  and 
black ;  greeaish  yellow  by  transmitted 

ligbt.  Streak  uncolored.  Transparent  to  nearly  opaque.  Optically  — . 
Birefringence  rather  hi^.  Indices:  «  =  2  554,  «  =  2-493.  Sometimes  abnor- 
mally biaxial. 

Comp.  —  Titanium  dioxide,  TiO»  =  Oxygen  40-0,  titanium  60-0  -  100. 

Pyr.j  etc  —  Same  as  for  rutile. 

Aral.  —  See  under  rutUe. 

Oba.  ~-  Moet  abundant  at  Bourg  d'Oisana,  in  Dauphin^,  France,  with  feldapu,  iucimt«, 
and  ilmenite;  near  Hot  in  the  FichtelKebirge,  Germany:  at  Selva  and  Naderanerbal,  Swit- 
zerland; Norway;  the  Ural  Mts.;  in  chlorite  in  E)evon3nire,  near  Tavistock:  with  brookite 
at  Tremadoc,  in  North  Walea;  in  Cornwall,  near  Liskeard  and  at  Tintasel  CliffB;  in  Bnuil 
in  quartz,  and  in  detached  cryatals.  In  Switierland  in  the  Binnental  the  variety  ujweriw, 
long  Bupposed  to  be  xenotime;  alao  Cavradi,  Tavetflch;  Kauris,  Salsburg,  in  the  EaBtera 
Alps;  also  at  Pfitech  Joch. 

In  the  United  States,  at  the  Dexter  lime  rt>ck,  SmithSeld,  R.  1.,  in  doloniite;  from  granite 
pegmatite,  Quincy,  and  from  Somerville,  Mass.;  in  the  washings  at  Brindletown,  Burke 
Co.,  N.  C.,  in  trsnsparent  tabular  crystab;  at  Magnet  Cove,  Ark.;  in  unusual  crystals  from 
Beaver  Creek,  Gunnison  Co.,  Col. 


BROOKITE. 

Orthorhombic.     Axes  a  :b  :  c  =  0-8416  : 
mm'".  110  A  iTO  =  80°  W.  < 

a:',        112  A  Tl2  =  53°48'. 
zz'",     112  A  ll2  -  44°  46'. 

7S0 


r<JZb, 


0-9444. 
122  A  T22  =  44°  23'. 
,  122  A  l52  -  78°  57'. 
110  A  122  -  45°  42'. 
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Only  in  crystals,  of  varied  habit. 

Cleavage:  m(llO)  indistinct;  c(001)  still  more  so.  Fracture  subcon- 
choidal to  uneven.  Brittle.  H.  =  5-5-6.  G.  =  3-87-4-08.  Luster  metallic- 
adamantine  to  BubmetalUc.     Color  hair-brown,  yellowish;  reddish,  reddish 
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brown,  and  translucent;  also  brown  to  iron-black,  opaque.  Streak  unoolored 
to  grayish  or  yellowish,  a  =  2-583.  0  =  2*586.  7  =  2741.  Other  optical 
characters,  see  p.  298. 

Comp.  —  Titanium  dioxide,  TiOi  =  Oxygen  40*0,  titanium  60"0  =  100. 

Pyr.  —  Same  as  for  rutile. 

Artif .  —  See  under  rutile. 

Obs.  —  Occurs  at  Bourg  d'Oisans  in  Dauphin^,  France;  in  Switzerland  at  St.  Gothard, 
with  albite  and  quarts,  and  Maderanertal;  in  the  Ural  Mts. ;  district  of  Zlatoust,  near  Miask, 
and  in  the  gold-washings  in  the  Sanarka  river  and  elsewhere;  at  Fronolen,  near  Tremadoc, 
Wales.    From  Compamiia,  Lenooes.  Bahia,  Brazil. 

In  the  United  States  in  thioE  black  crystals  (^axkanxiU)  at  Magnet  Cove,  Ozark  Mts., 
Ark.,  with  eheohte,  black  eunet,  schorlomite,  rutile,  etc.;  in  smaU  crystals  from  the  gold- 
washings  of  N.  C;  at  the  lead  mine  at  EUenviUe,  Ulster  Co.,  N.  Y.,  on  quartz,  with  chal- 
oopyrite  and  galena;  at  Paris,  Me.,  Somerville.  Mass. 

Named  after  the  En^ish  mineralogist,  H.  J.  Brooke  (1771-1857). 


FYROLUSITB. 

Orthorhombic,  but  perhaps  only  pseudomorphous.  Commonly  colimmar, 
often  divergent;  also  granular  massive,  and  frequently  in  reniform  coats. 

Soft,  often  soiling  the  fingers.  H.  =  2-2-6.  G.  =  47»-4-86.  Luster 
metallic.  Color  iron-black,  dark  steel-gray,  sometimes  bluish.  Streak  black 
or  bluish  black,  sometimes  submetallic.    Opaque. 

Comp.  —  Manganese  dioxide,  Mn02,  Uke  polianite  (p.  427).  Commonly 
contains  a  Uttle  water  (2  p.  c),  it  having  had  usually  a  pseudomorphous 
origin  (after  manganite). 

It  is  uncertain  whether  pyrolusite  is  an  independent  species,  with  a  crystalline  form  of 
its  own,  or  only  a  secondary  mineral  derived  chiefly  from  the  dehydration  of  manganite: 
also  from  polianite  (Breith.).  Pseudomorphous  crystals  having  distinctly  the  form  01 
manganite  are  common. 

]^.,  etc.  —  like  polianite,  but  most  varieties  yield  some  water  in  the  closed  tube. 

Diff.  —  Hardness  less  than  that  of  psilomelane.  Differs  from  iron  ores  in  its  reaction 
for  manganese  B.B.  Easily  distinguished  from  psilomelane  by  its  inferior  hardness,  and 
usually  by  being  crystalline.    Its  streak  is  black;  that  of  manganite  is  more  or  less  brown. 

ObB.  —  Manganese  ore  deposits  in  general  are  secondary  in  ori^,  the  manganese 
content  of  the  rocks  havins  been  concentrated  in  favorable  places.  They  often  occur  as 
irregular  bodies  in  residual  clays.  Pyrolusite  is  extensively  worked  at  Mgersber^  near 
Ilmenau,  and  other  places  in  Tiiiuringia,  Germany;  at  Vorderehrensdorf  in  Moravia;  at 
Platten  in  Bohemia,  and  elsewhere;  near  Johanngeorgenstadt,  at  Hirschberg  in  West- 
phalia, Germany;  Matzka,  Transylvania:  in  Australia;  in  India. 

Occurs  in  tne  United  States'  with  psilomelane,  abundantly  in  Ver.,  at  Brandon,  etc.; 
at  Plainfield  and  West  StONckbridge,  Mass.:  Augusta  Co.,  Va.;  Pope.  Pulaski,  Montgomery 
Cos.,  Ark.  Negaunee,  Mich.;  Lake  Co.,  N.  M.  In  New  BrunswicK,  7  m.  from  Bathurst. 
In  ^fova  Scotia,  at  Teny  Cape;  at  Walton,  etc. 

The  name  is  from  irup,  nre^  and  Xo6«i»',  to  toashj  because  used  to  discharge  the  brown 
and  green  (FeO)  tints  of  glass;  and  for  the  same  reason  it  is  whimsically  entitled  by  the 
French  le  sawn  de  verriera. 

Use.  —  An  ore  of  manganese^'  as  an  oxidizing  agent  in  manufacture  of  chlorine,  bro- 
mine and  ox^rgen ;  as  a  drier  in  pamts,  a  deoolorizer  in  glass  and  in  electric  battehes,  as  color- 
ing material  in  bricks,  pottery,  glass,  etc. 


B.  Hydrous  Oxides. 


Among  the  hydrous  oxides  the  Diaspgre  Group  is  well  characterized. 
Here  belong  the  hydroxides  of  aluminium,  iron  and  manganese.    The  general 


m 


formula  is  properly  written  RO(OH).    The  three  species  here  included  are 


A1,0,.H,0 

0-9372  :  1 

1  :  0-6039  or  0-6443 

Fe,0,.H,0 

0-9185  :  : 

1  :  O6068  or  06606 

Mii,0,.H,0 

0-8441  :  1 

I  :  0-5448  or  06463 
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orthorhombic  in  crystidlizatioD  with  related  Euigles  and  axial  ratioe;  this  rela- 
tion is  deviated  from  by  manganite  in  the  prismatic  zone. 

Another  less  prominent  group  is  the  Bbucite  Group,  including  the 
rhombohedral  species  Brucite,  Mg(OH),  and  Pyrochroite,  Mn(OH). 

Gibbsite,  Ai(0H)3,  and  Sassolite,  B(OH)],  are  also  related,  and  further 
Hydrotalcite  and  Pyroaurite. 

Diaspore  Group.     RO{OH)  or  R^.HtO.     Ort^rhombic. 

a  :o  :c 

a 
Diaspoie 
Gothite 

Manganite 

DIASPORE. 

Orthorhombic.  Axes:  a  ib  ic  =  09372  :  1  : 0-6039.  Crystals  prismatic, 
mm'",  110  A  110,  =  86°  17';  usuaUy  thin,  flattened  ||  6(010);  sometimes 
acicular.     Also  foLated  massive  and  in  thin  scales;  sometimes  stalactitic. 

Cleavage:  6(010)  eminent;  fi(210)  less  perfect.  Fracture  conchoidal, 
very  brittle.  H.  =  6'5-7.  G.  =  3'3-3-5.  Luster  brilliant;  pearly  on  cleav- 
age-face, elsewhere  vitreous.  Color  whitish,  grayish  white,  greenish  gray, 
hair-brown,  yellowish,  to  colorless.  Pleochroic.  Transparent  to  subtrons- 
lucent.  Optically  +.  Birefringence  high.  Ax.  pi.  [|  i>(010).  Ex.  ±  a(lOO). 
Dispersion  p  <  K,  feeble.  2  V  =  84".  a  =  1-702.  0=1-722.  7  =  1-750. 
Cosnp.  —  AIO(OH)  or  A1,0,.H»0  =  Alumina  850,  water  150  -  100. 

I^.,  etc. — In  the  dosed  tube  usuaUy  decrepitates  strongly,  separatrng  into  whit«  peaily 
scales,  and  at  a  hiRh  temperature  yields  water.  Infusible;  iputed  with  cobalt  eoiution 
gives  a  deep  blue  color.     Not  attacked  by  acida,  but  after  ignition  soluble  in  Bulpburic  acid.' 

DiS.  —  Distinguished  by  its  hArdnees  and  pearly  luster;  also  (B.B.)  by  ito  decrepitation 
and  yielding  water;  by  the  reaction  for  alumina  with  cobalt  solution.  Resembles  some 
varieties  of  hornblende,  but  is  harder. 

Artif.  —  Diasfwre  crystals  have  been  artificially  formed  by  heating  in  a  steel  tube 
aluminium  oxide  in  sodium  hydroxide  to  temperatures  less  than  500°. 

Obs.  —  Commonly  found  with  corundum  or  emery.  Occurs  near  Kosaoibrod,  in  the 
UralMts.;  at  Schenmitz,  Hungary;  with  corundum  in  dolomite  at  Campoloogo,  Tessin,  in 
Switzerland;  Greiner  in  the  Zulertal,  Austria.  In  the  United  States,  with  corundum  and 
margaritc  at  Newlin,  Chester  Co.,  Pa.;  at  the  emery  mines  of  CheBter,  Mass.;  in  cavities 
in  massive  corundum  at  the  Culsa^jee  mine,  near  Franklin,  Macon  Co.,  N.  C.;  with  aJunite 
forming  rock  maesee  at  Mt.  Robinson,  Rosita  Hills,  Col. 

Named  by  HaQy  from  iiamiipttr,  lo  teattvr,  alluding  loathe  usual  decrepitation  before  the 
blowpipe. 

GOTHTTB.  TM 

Orthorhombic.     Axes  a:b:c  =  0-9185  :  1  :  0-6068. 

mm";  110  A  ITO  -  86'    8'.  pp',    111  A  Til  -  68'  56'. 

ee',       on  A  Oil  =  62°  30'.  pp''',  111  A  ill  -  53'  42'. 

In  prisms  vertically  striated,  and  often  flattened  into 
scales  or  tables  ||  6(010).  Also  fibrous;  fohated  or  in  scales; 
massive,  reniform  and  stalactitic,  with  concentric  and  radiated 
structure. 

Cleavage:  6(010)  very  perfect.    Fracture  uneven.    Brittle. 
H.  =  5-5-5.    G.  =  4-28.    Luster  imperfect  adamantine.    Col- 
or yellowish,  reddish,  and  blackish  brown.     Often  blood-red 
by  transmitted  light.     Streak  brownish  yellow  to  ocher-yellow.     a.  =  2-26. 
(9  =  2-39.    y  =  2i.    Only  weakly  pleochroic. 
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Var.  —  In  thin  scale^ike  or  tabular  cryBtais,  uaually  attached  by  one  odge.  Abo  in 
■dcular  or  capUlary  (not  flexible)  cryvtMis,  or  slender  pramB,  often  radiatdy  grouped:  tbe 
Netdle-lronstorte.  It  passes  into  a  variety  with  a  velvety  Hurface;  the  Przibramtle  (Sammd- 
blende)  of  I^ibram,  Bohemia,  is  of  this  kind.    Also  columnar,  fibrous,  etc.,  as  above. 

Comp.  —  FeO(OH)  or  Fe,0,.HiO  =  Oxygen  270,  iron  62-9,  water  101 
=  100,  or  Iron  eesquioxide  89-9,  water  10-1  =  100. 

Pyr.,  etc.  —  In  the  closed  tube  givea  off  water  and  is  oonverted  into  red  iron  seaqiu- 
oxide.  With  the  fluxes  like  hematite;  most  varietiee  give  a  man^neee  reaction,  and  some, 
treated  in  the  forceps  in  O.F.,  after  moistoiing  in  sulphuric  acid,  impart  a  bluish  green 
color  to  the  flame  (phosphoric  acid).     Soluble  in  hydrochloric  acid. 

Diff.  —  Distinguished  from  hematite  by  its  yellow  straak;  from  limonit«  by  cryatalliDe 
nature;  it  also  contains  leas  water  than  Umonite. 

Obi.  —  Found  with  the  other  oxidea  of  iron,  especially  hematite  or  limonite.  Occun 
at  Ekserfeld  near  8i»en,  in  Nassau,  Germany;  rabram,  Etohrania;  at  Clifton,  near  Bristol, 
England;  in  Cornwall.  In  the  United  Stat«s,  at  the  Jackson  Iron  mine,  Negaunee,  I^ce 
Superior;  in  Conn.,  at  Salisbury;  in  Pa.,  near  Easton;  in  the  Pike's  Peak  region  and  at 
Crystal  Peak,  Col.    Named  Gatkile  (Goethite)  after  the  poet-philoeopher  Goethe  (1749-1832). 

A  colloidal  form  of  iron  hydroxide  havins  the  composition  of  goeMU  and  occurring  as 
paeudomorphs  after  pyrite  has  been  called  ehreraeerlkite. 

Ub«.  —  An  ore  of  iron. 

LepidocTodte.  A  dimorphous  fOTm  of  goethite.  Orthorhombic  but  with  different 
axial  ratio.    Scaly, fibrous.    G  -  409.    p-2-20.    Strongly  ploochroic. 

HANGAMITE. 

Orthorhombic.     Axes  a:b  :c  •=  08441  : 1  :  0'5448. 

,«-  _„  hh'",    410  A  4L0  =  23"  50'. 

™»  TSO  mm'",  110  A  110  -80' 20'. 

«',       205  A  205  -  28°  67'. 
«',       Oil  A  Oil  -  67°  10'. 
jyp',      111  A  111  =  59°    61'. 
CrystaU   commonly    prismatic,   the 
t  faces  deeply  striated  vertically;   often 
grouped   in  bundles.      Twins:    tw.  pi. 
e(Oll).    Also  columnar;  stalactitic. 

Cleavage:  6(010)  very  perfect ;  m(llO) 
perfect.  Fracture  uneven.  Brittle. 
H.  =4.  G.  =  42^-4.  Luster  buIh 
metallic.  Color  dark  steel-gray  to  iron-black.  Streak  reddish  brown, 
sometimes  nearly  black.  Opaque;  in  minute  splinters  sometimes  brown 
by  transmitted  light. 

Comp.  —  MnO(OH)  or  Mn,0,.HiO  =  Oxygen  27  3,  manganese  62-4, 
water  lO'S  =  100,  or  Manganese  sesquioxide  897,  water  103  =  100. 

Pyr.,  etc,  —  In  the  closed  tube  yields  water;  manganese  reactions  with  the  fluxea,  p.  339. 
ObB.  —  Occurs  in  Germany  at  Ilefeld  in  the  Harz  Mts.;  Ilmenau  in  Thuringia;  lAng- 
ban  and  Bolet,  Sweden;  Cornwall,  at  various  places;  also  in  Cumberland,  etc.  In  the 
Lake  Superior  mining  region  at  the  Jackson  mine,  Neeaunee;  Devil's  Head,  Dot^;las  Co., 
Col.  In  Nova  Scotia,  at  Cbererie,  Hants  Co.,  and  Walton.  In  New  Brunswick,  at  Shep- 
ody  mountain,  Albert  Co.,  etc. 

SphenamanifaniU  is  a  variety  of  manganite  from  L&ngban,  Sweden,  showing  sphenoidal 


Use.  —  An  o 


LIHONITB.    Brown  Hematite. 

Not  crystallized.  Usually  in  stalactitic  and  botryoidal  or  manunillary 
forms,  having  a  fibrous  or  subfibrous  structure;  also  concretionary,  massive; 
and  occasionally  earthy. 
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H,  =  5-n5'5.  G.  =  3*6-4-0.  Luster  silky,  often  submetallic;  sometimes 
dull  and  earthy.  Color  of  surface  of  fracture  various  shades  of  brown^  com- 
monly dark,  and  none  bright;  sometimes  with  a  nearly  black  varnish-like 
eirterior;  when  earthy,  brownish  yellow,  ocher-yellow.  Streak  yellowish 
brown.    Opaque. 

Var.  —  (1)  Compact,  SubmetaUic  to  silkv  in  luster;  often  stalactitic,  botryoidal,  etc. 
(2)  Ocheroua  or  eartny.  brownifihyellow  to  ocher-yellow,  often  impure  from  the  presence  of 
clay,  sand,  etc.  (3)  Bog  ore.  Tike  ore  from  nuuishy  places,  generally  loose  or  porous  in 
texture,  often  petrifying;  leaves,  wood,  nuts,  etc.  (4)  Brovm  clay^omUmef  in  compact 
masses,  often  in  concretionary  nodules. 

Comp.  —  Approximately  2FesO».3H20  =  Oxygen  267,  iron  59*8,  water 
14*5  =  100,  or  IroQ  sesquioxide  85*5,  water  14-5  =  100.  The  water  content 
varies  widely  and  it  is  probable  that  limonite  is  essentially  an  amorphous 
form  of  goethite  with  adsorbed  and  capillary  water.  In  the  bog  ores  and 
ochers,  sand,  clay,  phosphates,  oxides  of  manganese,  and  humic  or  other 
acids  of  organic  origin  are  very  conmion  impurities. 

Pyr..  etc.  —  like  sdthite.  Some  varieties  leave  a  silioeous  skeleton  in  the  salt  of  phos- 
phorus Dead,  and  a  sUiceous  residue  when  dissolved  in  acids. 

Diff.  —  Distinguished  from  hematite  by  its  yellowish  streak,  inferior  hardness,  and  its 
reaction  for  water.  Does  not  decrepitate  B.B.,  like  turgite.  Not  crystallised  like  g5thite 
and  yields  more  water. 

Obs.  —  In  all  cases  a  result  of  the  alteration  of  other  ores,  or  minerals  containing 
iron,  through  exposure  to  moisture,  air,  and  carbonic  or  organic  acids;  derived  lar^^ly 
from  the  change  of  pyrite,  magnetite,  siderite^  ferriferous  dolomite,  etc.;  also  vanous 
species  (as  mica,  pyroxene,  hornblende,  etc.)}  which  cdntain  iron  in  the  ferrous  state  (FeO). 
Waters  containmg  iron  in  solution  wnen  brought  into  marshy  places  deposit  the  metal 
usuaUv  in  the  form  of  limonite.  The  evaporation  of  the  carbonic  acid  in  the  water  which 
held  the  iron  in  solution  is  one  cause  for  the  separation  of  the  iron  oxide.  This  separation 
is  also  aided  by  the  so-called  "iron  bacteria''  which  absorb  the  iron  from  the  water  and 
later  deposit  it  again  as  ferric  hydroxide.  Limonite  consequently  occupies,  as  a  bog  ore, 
marshy  places,  into  which  it  has  been  borne  by  streamlets  from  the  hills  around.  It  is 
also  found  in  deposits  associated  with  iron-bearmg  limestones  where  the  original  iron  con- 
tent of  the  rock  has  been  largely  dissolved  and  redeposited  later  in  some  favorable  spot. 
Limonite  forms  the  capping  or  gossaUf  iron  half  of  many  metallic  veins.  It  is  often  asso- 
ciated with  manganese  ores.  I^onite  is  a  common  ore  in  Bavaria,  the  Harz  Mts.,  Ger- 
many, Luxemburg.  Scotland,  Sweden,  etc. 

Abundant  in  tne  United  States.  Extensive  beds  exist  at  Salisbury  and  Kent,  Ck)nn., 
also  in  the  neighboring  towns  of  N.  Y..  and  in  a  similar  situation  in  Berkshire  Co.,  Mass., 
and  in  Ver.:  in  Pa.,  widely  distributee! ;  also  in  Tenn.,  Ala.,  Ohio,  etc. 

Named  Limonite  from  Xci/uc^ir,  meadow. 

Use.  —  An  ore  of  iron;  as  a  yellow  pigment. 

TuBGiTE.  Hydrohematite.  Approximately  2FeiOi.HsO.  Probably  to  be  considered 
as  a  solid  solution  of  goethite  with  hematite  together  with  enclosed  and  adsorbed  water. 
Resembles  limonite  but  has  a  red  str^.  G.  »  4 '14-4*6.  Decrepitates  B.B.  From  the 
Turginsk  mine  in  the  Ural  Mts.,  etc.;  also  from  Scdisbury,  Conn.  Intermediate  between 
hematite  and  limonite. 

Hydrogoethite.  3FeiOs.4HtO.  Orthorhombic,  radiating  fibrous.  H.  =4.  G.  =» 
37.    Color  and  streak  brick-red.    With  limonite  at  various  localities  in  Tula,  Russia. 

Xanthosiderite.  FetOi.2HtO.  In  fine  needles  or  fibers,  stellate  and  concentric;  also 
as  an  ocher.  Color  golden  yellowish,  brown  to  brownish  red.  Associated  with  manganese 
ores  at  Umenau,  Thuringia,  Germany,  etc. 

Esmeraldaite.  FeiO|.4HsO.  In  small  pod-shaped  masses  enclosed  in  limonite.  Con- 
choidal  fracture.  H.  »  2*5.  G.  »  2*58.  Color  coal  black.  Yellow-brown  streak.  From 
Esmeralda  Co.,  6air  /y^/. 

BAUXITE.    Beauxite. 

In  round  concretionary  disseminated  grains.  Also  massive,  oolitic;  and 
earthy,  clay-like.  G.  =  2-65.  Color  whitish,  grayish,  to  ocher-yeHow,  brown, 
and  red. 
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Var.  —  1.  In  concretionary  grainsj  or  oolitic;  hauxiie.  2  Clay-like,  wocheimte;  the 
purer  kind  grayish,  clay-likci  containing  very  little  iron  oxide;  also  red  from  the  iron 
oxide  present. 

Comp.  —  Essentially  Al20s.2HtO  =  Alumina  73-9,  water  261  =  100; 
some  analyses,  however,  give  AliOa.HtO  like  diaspore. 

Bauxite  is  probably  a  mixture  of  varying  character  but  containing  large  amounts  of 
a  colloidal  form  of  AlsOi.HiO.  This  substance  has  been  called  sporogelite  or  dia»poroffelile, 
diachiU  and  alumogd.  ^ 

Iron  sesquioxide  is  usually  present,  sometimes  in  large  amoimt,  in  part  rg[>lacing 
alumina,  in  part  onl^^  an  impurity.  Tne  name  hematogelUe  has  been  suggested  for  this 
colloidal  form  of  ferric  oxide.  Siuca,  phosphoric  acid,  carbonic  acid,  lime,  magnesift  are 
common  impurities. 

Obs.  —  Bauxite  is  a  product  of  the  decomposition  of  certain  rocks,  particularly  those 
rich  in  plagioclase  feldspars,  and  has  been  found  under  various  conditions.  The  lat^tes 
of  India,  ete.,  are  probably  similar  in  origin  and  might  be  considered  as  iron-rich  bauxites. 
Bauxite  is  certainly  not  a  definite  mineral  species  but  consists  of  a  mixture  of  aev&sl 
different  materials.  From  Baux  (or  Beaux),  near  Aries,  and  elsewhere  in  France,  dissemi- 
nated in  grains  in  compact  limestone,  and  also  odlitic.  Wocheinite  occurs  in  Gamiola, 
Austria,  between  Feistritz  and  Lake  Wochein.  The  purest  bauxite  is  used  for  the  manu- 
facture of  aluminium  (aluminum),  and  is  called  aluminum  ore.  In  the  United  States, 
bauxite  occurs  in  Saline  and  Pulaski  Cos.,  Ark.;  also  in  Cherokee  and  Calhoun  Cos.,  Ala., 
and  in  Floyd,  Barton  and  Walker  Cos.,  Ga. 

Use.  —  As  an  aluminum  ore. 


Brudte  Group.    R(OH)s.    Rhombohedral 
BRUCITE. 

Rhombohedral.  Axis  c  =?  15208;  cr  0001  A  1011  =  60**  20^',  rr"  lOTl 
A  TlOl  =  97°  37 Y. 

Crystals  usually  broad  tabular.  Also  commonly  foliated  massive;  fibrous, 
fibers  separable  and  elastic. 

H.  =  2*5.  G.  =  2-38-2-4.  Cleavage:  c(0001)  eminent.  Folia  separable 
and  flexible,  nearly  as  in  gypsum,  ^tile.  Luster  ||  c  pearly,  elsewhere 
waxy  to  vitreous.  Color  white,  inclining  to  gray,  blue,  or  green.  Transparent 
to  translucent.    Optically  +.    Indices:  a>r  =  1'659,  €r  =  1-6795. 

Comp.  —  Magnesium  hydroxide,  Mg(0H)2  or  MgO.HjO  =  Magnesia 
69*0,  water  31*0  »=  100.  Iron  and  manganese  protoxide  are  sometimes 
present. 

Var.  —  Ordinary,  occurring  in  plates,  white  to  pale  greenish  in  color;  strong  peariy 
luster  on  the  cleavage  surface.    I^emalUe  is  a  fibrous  vanety  containing  4  to  5  p.  c.  iron 

grotoxide.  with  G.  »  2*44.  ManganbrucvU  contains  manganese;  occurs  granular;  color 
oney-yeUow  to  brownish  red.    Ferrtkruciit  contains  iron. 

Pyr.|  etc.  —  In  the  closed  tube  gives  off  water,  becoming  opaaue  and  friable,  sometimes 
turning  gray  to  brown:  the  manganesian  vanety  becomes  aark  brown.  B.B.  infusible, 
glows  with  a  bright  lieht^  and  the  ignited  mineral  reacts  slightly  alkaline  to  test-paper. 
Ignited  with  cobalt  solution'  gives  the  pale  pink  color  of  magnesia.  The  pure  mineral  is 
soluble  in  acids  without  effervescence. 

Diff.  —  Distinguished  by  its  infusibility,  softness,  cleavage,  and  foliated  structure.  Is 
harder  than  talc  and  differs  in  its  solubility  in  acids:  the  magnesia  test  and  optical  char- 
acters separate  it  from  gypsum,  which  is  also  somewhat  softer. 

Obs.  —  A  secondary  mineral  accompan3dng  other  magnesian  minerals  in  serpentine, 
also  found  in  limestone.  At  Swinaness  in  Unst,  Shetland  Isles;  at  the  iron  mine  oi  Cogne, 
Aosta,  Italy;  near  Filipstadt  in  Sweden.  At  Hoboken,  N.  J.,  in  serpentine;  at  the  'nlly 
Foster  iron  mine,  Brewster.  N.  Y.,  well  crystallized;  Richmond  Co.,  N.  Y.;  at  Wood's 
mine,  Texas  Pa.,  in  large  plates  or  masses,  and  often  crystallizations  several  inches  across, 
also  at  Low's  mine  with  nydromagnesite.  From  Crestmore,  Riverside  Co.,  Cal.  Nemalile, 
the  fibrous  variety,  occurs  at  Hoboken,  N.  J.,  and  at  Xettes  in  the  Vosges  Mts.    Mangan- 
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brucUe  occurs  with  hausmannite  and  other  manganese  minerals  in  the  granular  limestone 
of  J^obsberg,  Nordmark,  Sweden. 

Named  after  the  early  American  mineralogist,  A.  Bruce  (1777-1818). 

Pyrochroite.  —  Manganese  hydroxide,  Mn(OH)t.  Usually  foliated,  like  brudte.  Lus- 
ter pearly.  Color  white,  but  growing  dark  on  exposure,  w  =«  1*723.  «  =  1*681.  In 
Sweden  occurs  in  magnetite  at  Pajsberg,  also  at  Nordmark  and  lAngban;  in  N.  J.  at 
Franklin  Furnace. 


Bftckstrdmite.    Manganese   hydroxide,    Mn(OH)t.    Orthorhombic.    From   L&ngban, 
Sweden. 


GIBBSITE.    HydrargiUite. 

MonocUnic.  Axes  a:b:c^  17089  :  1  :  1-9184;  0  =  85^  29'.  CryBtab 
tabular  ||  c(OOl),  hexagonal  in  aspect.  Occasionally  in-spheroidal  concretions. 
Also  stalactitic,  or  small  mammillary,  incrusting,  with  smooth  surface,  and 
often  a  faint  fibrous  structure  within. 

Cleavage:  c(OOl)  eminent.  Tough.  H.  =  2-5-3  5.  G.  =  2-3-2-t 
Color  white,  grayish,  greenish,  or  reddish  white.  Luster  of  c(OOl)  pearly;  of 
other  faces  vitreous;  of  surface  of  stalactites  faint.  Translucent;  sometimes 
transparent  in  crystals.  Indices,  1-535-1-558.  A  strong  argillaceous  odor 
when  breathed  on. 

Comp.  —  Aluminium  hydroxide,  A1(0H)»  or  AljO».3H20  =  Alumina 
65-4,  water  34-6  =  100. 

Ptr.,  etc.  —  In  the  closed  tube  becomes  white  and  opaque,  and  yields  water.  B.B.  in- 
''usibie,  whitens,  and  does  not  impart  a  pceen  color  to  the  flame.  Isnited  with  cobalt 
solution  gives  a  deep  blue  color.    Soluble  m  concentrated  sulphuric  acid. 

Artif .  —  When  solutions  of  sodium  aluminate  are  slowly  decomposed  by  carbon  dioxide 
gibbsite  is  precipitated. 

Otw.  —  The  crystallized  gibbsite  (hydrargillite)  occurs  in  the  Shishimsk  mountains  near 
Zlatoust  in  the  Ural  Mts. ;  also  in  crvstals  nUing  cavities  in  natroUte  at  Langesundfiordj 
Norway;  Ouro  Preto,  Minas  Geraes,  Brazil.  Occurs  in  nodular  plates  at  Kodikanal,  Palm 
Hills,  Madras,  and  at  Talevadi,  Bombay,  India.  In  the  United  States,  in  stalactitic  form 
at  Biclunond,  Mass.,  in  a  bedof  limomte;  at  the  Clove  Mine,  Union  Vale,  Dutchess  Co., 
N.  Y.,  on  Umonite;  in  Orange  Co.,  N.  Y. 

Named  after  Col.  George  Gibbs. 

Sassolite.  Boric  acid,  B(0H)|.  Crystals  tabular  ||  c(OOl)  (tridinic).  Usually  small, 
white,  pearly  scales.  G.  =  1*48.  Index,  1-46.  From  the  waters  of  the  Tuscan  lagoons 
of  Monte  Kotondo  and  Castelnuovo,  Italy.  Exists  also  in  other  natural  waters,  as  at 
Clear  Lake,  in  Lake  Co.,  Cal.    Occurs  also  abundantly  in  the  crater  of  Vulcano,  Lipari  isles. 

Hydrotalcite.  Perliaps  Al(OH)i.3Mg(OH)i.3HiO.  Lamellar-massive,  or  foliated,  some- 
what fibrous.  H.  =2.  G.  =  2  04r-2  09.  Color  wliite.  Luster  pearly.  Uniaxial,  — . 
ta  »  1'47.  Occurs  at  the  mines  of  Shishimsk,  district  of  Zlatoust,  Ural  Mts.;  at  Snarum, 
Norway,  in  serpentine. 

Pyroaurite.  Perhaps  Fe(OH)i.3Mg(OH)t.3HiO.  Rhombohedral.  Thin  tabular  crys- 
tals. H.  =  2-3.  G.  =  2-07.  Luster  pearly  to  greasy.  Color  yellow  to  yeUow-brown. 
Optically  — .  Occurs  at  the  L&ngban  iron-mine,  Wermland,  Sweden,  in  gold-like  sub- 
metallic  scales  (pyroaurite).  From  the  Moss  mine,  Norway.  In  thin  seams  of  a  silvery 
white  color  in  serpentine  in  the  island  Haaf-Grunay,  Scotland  {igektromite). 

ChAkophanite.  Hydrofranklinite.  (Mn,Zn)0.2Mn02.2HtO.  In  drus^  of  minute 
tabular  rhombohedral  crystals;  sometimes  octahedral  in  aspect.    Also  in  foliated  amre- 

gates;    stalactitic  and  plumose.     G.  »  3 '907.    Luster  metallic,  brilliant.     Color  oluish 
lack  to  iron-black.    Streak  chocolate-brown,  dull.    Occurs  at  Sterling  Hill,  near  Ogdens- 
burg,  Sussex  Co.,  N.  J.    From  Leadville,  Col. 

HetflBfolite.  2ZnO.2MnsOi.lHsO.  In  radiating  botryoidal  masses.  Black.  Brown- 
black  streak.  H.  =5.  G.  =  4*85.  From  Franklin,  N.  J.,  and  Leadville,  Col.  (Wolf- 
UmUe). 
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AlaIte.  VsOi.HiO.  Rare.  Found  in  dark  bluish  red  moss-like  masses  in  Alai  Mts., 
Turkestan. 

ShanyavskITe.  AliOt.4HtO.  Amorphous,  transparent  material  found  in  dolomite, 
near  Moscow,  Russia. 

PSILOMSLANE. 

Massive  and  botryoidal;  renifonn;  stalactitic.  H.  =  6-6.  G.  »  3  7-4  7. 
Luster  submetallic,  dull.  Streak  brownish  black,  shining.  Color  iron-black, 
passing  into  dark  steel-gray.    Opaque. 

Comp.  —  A  hydrous  manganese  manganate  in  w}iich  part  of  the  man- 
ganese is  often  replaced  by  barium  or  potassium,  perhaps  conforming  to 
H4Mn06.  The  material  is  generally  very  impure,  and  the  composition  hence 
doubtful. 

Pyr.,  etc.  —  In  the  closed  tube  most  varieties  yield  water,  and  all  lose  ox^ttsa  on  iffo- 
tion;  with  the  fluxes  reacts  for  manganese.  Soluble  in  hydrochloric  acid,  wim  evolution 
of  chlorine. 

Obs.  —  A  conmion  but  impure  ore  of  manganese :  frequently  in  alternating  layers  with 
pyrolusite.  From  Devonshire  and  Cornwall.  In  Germany  at  Ilefeld  in  the  Han  Mts., 
at  Umenau,  Siegen,  etc.  From  the  Crimea^  Russia;  also  various  localities  in  India. 
Forms  mammillary  masses  at  Brandon,  etc^  Vt.  In  Independence  Co..  and  elsewhere  in 
Ark.  With  pyrolusite  at  Douglas,  Hants  Co.,  Nova  Scotia.  Named  from  ^OiSs,  smooth 
or  naked,  ana  niXca,  black. 

Use.  —  An  ore  of  manganese. 

The  following  mineral  substances  here  included  are  mixtures  of  various  oxides,  chiefly 
of  manganese  (MnOt,  also  MnO),  cobalt,  copper,  with  also  iron,  and  from  10  to  20  p.  c. 
water.  These  are  results  of  the  decomposition  of  other  ores  —  partly  of  oxides  and  sulr 
phides,  partly  of  manganesian  carbonates,  and  can  hardly  be  regarded  as  representing 
distinct  mineral  species. 

Wad.  In  amorphous  and  reniform  masses,  either  earthy  or  compact;  also  incrusting 
or  as  stains.  Usually  very  soft,  soiling  the  fingers;  less  often  hard  to  H.  «  6.  G.  «  3*0- 
4*26;  often  loosely  aggregated,  and  feeling  very  light  to  the  hand.  Color  dull  blade, 
bluMi  or  brownish  black. 

Bog  Manganese  consists  mainly  of  oxide  of  manganese  and  water,  with  some  oxide  of 
iron,  and  often  sihca,  alumina,  baryta. 

ASBOiATEf  or  Earthy  Cobcit,  contains  oxide  of  cobalt,  which  sometimes  amounts  to 
32  p.  c. 

LiAMPADrrE,  or  Cupreous  Manganese^  is  a  wad  containing  4  to  18  p.  c.  of  oxide  of  copper, 
^  and  often  oxide  of  cobalt  also. 

SEJBMUATTrB.  3MnOs.2FeiOi.6HsO.  Color  black.  Streak  dark  brown.  H.  ^  5*5-6. 
Fusible  to  magnetic  globule.  AJteration  product  of  pyroxmangite.  From  Iva,  Anderson 
Co.,  S.  C. 

Beldongrite.  6MniOi.FeiOt.8HtO.  Luster  pitchy.  Color  black.  From  Bddongri, 
District  N^lgpur,  India. 

VI.   OXYGEN-SALTS 

The  Sixth  Class  includes  the  salts  of  the  various  oxygen  acids.  These  fall 
into  the  following  seven  sections:  1.  Carbonates;  2.  Silicates  and  Titanates; 
3.  Niobates  and  Tantalates;  4.  Phosphates,  Arsenates,  etc.;  also  the 
Nitrates;  5.  Borates  and  Uranates;  6.  Sulphates,  Chromates  and  Tellurates; 
7.  Tungstates  and  Molybdates. 

1.  CARBONATES 

A.  Anhydrous  Carbonates 

The  Anhydrous  Carbonates  include  two  distinct  isomorphous  groups, 
the  CALcriE  Group  and  the  Aragonite  Group.    The  metaUic  elements 
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present  in  the  fonner  are  calciiun,  magnesium,  iron,  manganese,  zinc  and 
cobalt;  in  the  latter,  they  are  calcium,  barium,  strontium  and  lead. 
The  species  included  are  as  follows: 

1.   Calcite  Group.    RCO3.    Rhombohedral 

Caldte  CaCOs  74°  55'  0-8643 

Dolomite  (Ca,Mg)COs        Tri-rhombohedral   73^45'  0*8322 

Normal  Dolomite  CaCO,.MgCOs 

Ankerite  CaCO».(Mg,Fe)gO»  73^48'  08332 

Magnesite  MgCO,  72^36'  0-8112 

Breunnerite  (Mg,Fe)COs 

Medtite  2MgC0,.FeC0t  72°  46'  0  -8141 

Pistomesite  MgCOt.FeCQi  72°  42'  08129 

Siderite  FeCO,  73°   0'  08184 

Oligonite  (Fe,Mn)CO* 

Rhodochrosite  MnCOt  73°    0'  0*8184 

Manganosiderite  (Mn,Fe)CO» 

Manganocalcite  pt.  (Mn,Ca}CQs 

Smithsonite  ZnCOt  72°  20'  0*8063 

Monheimite  (Zn,Fe)CO» 

Sphsrocobaltite  CoCOs 

This  list  gives  not  only  the  prominent  species  of  this  group,  but  also  some  of  the  isomor- 
phous  intennediate  compounds. 

The  Calcite  Group  is  characterized  by  rhombohedral  crystallization. 
All  the  species  show,  when  distinctly  cr3rstallized,  perfect  rhombohedral 
cleavage,  the  angle  varying  from  75°  (and  105°)  in  calcite  to  73°  (and  107°) 
in  siderite.    This  is  exhibited  in  the  table  above. 

2.   Aragonite  Group.     RCOs^    Orthorhombic 


mm'" 

a  :  6  :  e 

Aragonite 

CaCO, 

63°  48' 

0-6224  :  1  :  07206 

Bromlite 

(Ca,Ba)CO, 

Witheiite 

BaCO, 

62"  12' 

0-6032  : 1  :  0-7302 

Strontianite 

SrCO» 

62°  41' 

0-6090  :  1  :  07239 

Cerussite 

PbCO, 

62"  46' 

0-6100  : 1  :  07230 

The  species  of  the  Abagonite  Group  crystallize  in  the  orthorhombic 
system,  but  the  relation  to  those  of  the  Calcite  Group  is  made  more  close  by 
the  fact  that  the  prismatic  an^e  varies  a  few  degrees  only  from  60°  (and  120°) 
and  the  twinned  forms  with  the  fundamental  prism  as  twinning-plane  are 
pseudo-hexagonal  in  character. 
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1.  Calcite  Group.    RCOi.    Rhombohedral 
CALCrrE.    Calc  apai;  Calcareous  Spar. 
Rhombohedral.    Axis  c  =  08543. 


cr,*  0001  A  lOTl  -  44°  aftt'. 

M,  0001  A  OIT2  -  26°  15'. 

me,  lOTO  A  OIT2  -  63°  45'. 

tt',  lOTl  A  TlOl  -  74°  55'. 

MM',  40il  A  i401  -  114'  10'. 

«*  0112  A  T012  -  45° 

jr. 


tv-,  2l3l  A  23T1  -  75°  22'. 
TO",  2l5l  A  3l5l  -  35°  36'. 
w^,  2l3l  A  1251-47°  U'. 
yy',  3251  A  355l  =  70°  59^ 
yy",  3251  A  523l  -  45°  32'. 
ifflrt,  325l  A  2351  -  29°  !6'. 
uy,  2134  A  3T24  =  20°  36*'. 
w*",  31?5  A  4T35  -  16°    O'. 


e  the  Btereographic  projectioo,  Fig.  269,  p.  108. 
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Habit  of  cryst&ls  very  varied,  as  shown  in  the  figures,  from  obtuse  to  acute 
rhombohedral ;  from  ttun  tabular  to  long  prismatic;  and  scalenohedral  of 
many  types,  often  higUy  modified. 

Twins  (eee  Figs.  419-426,  p.  168) :  (1)  Tw.  pi.  c(OOOl),  common,  the  crys- 
tals having  the  same  vertical    axis.     (2)  Tw. 
pi.   e(0lT2),   very   common,    the  vertical   axes  TBO 

inchned  127°29§'and52'' 30i';  often  producing 
twitming  lamellie  as  in  Iceland  Spar,  which  are, 
in  many  cases,  of  secondary  origin  as  in  granular 
limestones  (Fig,  750) ;  this  twinning  may  be 
produced  artificially  (see  p.  188).  (3)  Tw.  pi. 
r(IOTl),  not  common;  the  vertical  axes  inclined 
90°  46'  and  89°  14'.  (4)  Tw.  pi.  /(0221),  rare; 
the  axes  intersect  at  angles  of  53°  46'  and 
126°  14'. 

Also  fibrous,  both  coarse  and  fine;  sometimes 
lamellar;   often  granular;  from  coarse  to  impal-  section  of  cryatalline  li_- 
pable,  and  compact  to  earthy.     Also  stalactitic,  in  polariEed  light. 

tuberose,  nodular,  and  other  imitative  forms. 

Cleavage:  r(lOll)  highly  perfect.  Parting  ||  e{0lT2)  due  to  twinning. 
Fracture  conchoidal,  obtained  with  difficulty.  H.  =  3,  but  varying  with 
the  direction  on  the  cleavage  face;  earthy  kinds  softer.  G,  =  2714,  in  pure 
crystals,  but  varying  somewhat  widely  in  impure  forms,  as  in  those  contain- 
ing iron,  manganese,  etc.  Luster  vitreous  to  subvitreous  to  earthy.  Color 
white  or  colorless;  also  various  pale  shades  of  gray,  red,  green,  blue,  violet, 
yellow;  also  brown  and  black  when  impure.  Streak  white  or  grayish. 
Transparent  to  opaque. 

Optically  — .  Birefringence  very  high.  Refractive  indices  for  the  D  line: 
^  =  1-65849,  «=  1-48625. 

Comp.  —  Calcium  carbonate,  CaCO»  =  Carbon  dioxide  44-0,  lime  560 
=  100.  Small  quantities  of  magnesium,  iron,  manganese,  zinc,  and  lead  may 
be  present  replacing  the  calcium. 

Var.  —  The  varieties  are  veiy  numerous,  and  diverse  in  appearance.  They  depend 
mainly  on  the  following  paints:  differences  in  cirstaUixation  and  Btructural  condition, 
presence  of  impurities,  etc.,  the  extreinee  being  perfect  crystals  and  earthy  massive  forms; 
also  on  oompoeition  as  affected  by  isomorphous  replacemratt. 

A.     VARIffHES    BASED    ChIBFLT    UI-ON    CRTSTAl.LtZATION     AMD    AcCTOBNTAL    IllPDBmB8 

1.  Ordinary.  In  crystak  and  cleavable  masses,  the  crystals  varying  very  widdy  in 
habit  as  already  noted.  Dog-looth  Spar  is  an  acute  Bcalenobedral  fonn;  NaiUuiad  Spar, 
a  composite  variety  having  the  form  suggested  by  the  name.  The  transparent  variety 
from  Iceland,  used  for  polariisinB  prismB,  etc.,  is  i^ed  Iceland  Spar  or  D<rublj/-Tefracting 
Spar.  As  regards  color,  crystallized  calcite  varies  from  the  kinds  which  are  perfectly 
clear  and  colorless  through  yellow,  pink,  purple,  blue,  to  brown  and  black.  The  color  is 
usually  pale  except  ss  caused  by  impurities.  These  impurities  may  be  pyrite,  native 
copper,  malachite,  sand,  etc.;  they  are  sometimes  arranged  in  symmetrical  form,  as 
depenoing  upon  the  growth  of  the  cryst^  and  hence  produce  many  varieties. 

FotUaineoUau  limestone,  from  Fontainebleau  and  Nemours,  JYanee,  conta 

amount  of  sand,  some  50  to  Q3  p.  cf   Siliceous  calciU  crystals  come  from  S.  D.,  Wy, 

2.  Fibroua  and  lajo^ar  kinds.  Salin  iSpor  is  fine  fibrous,  with  a  silky  luster;  resembles 
fibrous  fn'pBum,  also  called  satin  spar^  but  is  much  harder  than  gypeum  and  ^erveeces 
with  acioa.    LubliniU  ia  a  fibrous  variety,  probably  pseudomorphous  after  some  oi^anic 


^,^ 
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AraerUine  is  a  pearly  lamellar  calcite,  the  lamellip  more  or  less  undulating;  color  white, 
grayish,  yellowiah.  Aphrite,  in  its  harder  and  more  sparry  variety,  is  a  foliated  white 
pearly  caJcite,  near  ai^ntine;  in  its  softer  kinds  it  approaches  chalk,  thou^  lighter, 
pearly  in  lust^,  silvery  white  or  yellowish  in  color,  soft  and  greasy  to  the  touch,  and  more 
or  less  scaly  in  structure.  Apfairite  has  been  thought  to  be  aragonite  pseudomorphous 
after  gjrpsum. 

3.  QranvloBr  massive  to  cryptocrysUdline  kinds:  Limestone,  Marble,  Chalk. 

OraniUar  limestone  or  Saccharaidal  Umestonef  so  named  because  (ike  loaf  sugar  in  frac- 
ture, varying  from  coarse  to  very  fine  granular,  and  hence  to  compact  limestone;  colors 
are  various,  as  white,  y;ellow,  reddish,  green;  usually  they  are  douded  and  give  a  haoidsome 
effect  when  the  material  is  polished.  When  such  limestones  are  fit  for  polishing,  or  for 
architectural  or  ornamental  use,  they  are  called  marUes,  Many  varieties  have  special 
names.  SheUr^marUe  consists  largely  of  fossil  shells;  LumacheUe  or  fire-marble  is  a  dark 
brown  shell-marble,  with  brilliant  fire-like  or  chatoyant  internal  reflections.  Rtdn^marble 
is  a  kind  of  a  yellow  to  brown  color,  showing,  when  i)olished,  figures  bearing  some  resem- 
blance to  fortifications^  temples,  etc.,  in  ruins,  due  to  infiltration  of  iron  oxide,  etc. 

Liihoaraphic  stone  is  a  very  even-grained  compact  limestone,  of  buff  or  dnib  color;  as 
that  of  Solenhofen,  Bavaria.  Hydravlic  limestone  is  an  impure  limestone  which  after  umi- 
tion  sets,  i.e.,  takes  a  solid  form  under  water,  due  to  the  formation  of  a  silicate.  The 
French  varieties  contain  2  or  3  p.  c.  of  magnesia,  and  10  to  20  of  silica  and  alumina  (or 
clay).  The  varieties  in  the  United  States  contain  20  to  40  p.  c.  of  mftgnftam^  and  12  to  30 
p.  c.  of  silica  and  alumina.  Hard  compact  limestone  varies  from  nearly  pure  white,  through 
grayish,  drab,  buff,  yellowish,  and  redoish  shades,  to  bluish  gray,  dark  brownish  gray,  and 
black,  and  sometimes  variously  veined.  Many  kinds  make  tM»utiful  marble  wh^  pol- 
ished. Red  oxide  of  iron  produces  red  of  different  shades.  Shades  of  grem  are  due  to 
iron  protoxide,  chromium  oxide,  iron  silicate. 

Chalk  is  white,  grayish  white,  or  yellowish,  and  soft  enough  to  leave  a  trace  on  a  board. 
It  is  composed  ot  the  shells  of  minute  sea  orzanisms.  Ccuoareous  marl  is  a  soft  earthy 
deposit,  with  or  without  distinct  fragments  of  shells;  it  generally  contains  much  clay,  and 
graduates  into  a  calcareous  clay. 

OliUle  is  a  granular  limestone,  its  grains  minute  concretions,  looking  somewhat  like  the 
roe  of  fish,  the  name  coming  from  taov.  egg.  Pisolite  consists  of  concretions  as  large  often 
as  a  small  pea.  or  laroer,  having  usually  a  distinct  concentric  structure. 

Deposited  from  calcareous  springs,  streams,  or  in  caverns,  etc.  (a)  Stalactites  are  cal- 
careous cylinders  or  cones  that  hang  from  the  roofs  of  limestone  caverns,  and  which  are 
formed  from  the  waters  that  drip  through  the  roof;  these  waters  hold  some  calcium 
bicarbonate  in  solution,  and  leave  calcium  carbonate  to  form  the  stalactite  when  evapora- 
tion takes  place.  Stalactites  vary  from  transparent  to  nearly  opaque;  from  a  crystalline 
structure  with  single  cleavage  directions  to  coarse  or  fine  granular  deavable  and  to  radi- 
ating fibrous;  from  a  white  color  and  colorless  to  yellowish  gray  and  brown.  (6)  Stalag^ 
mite  is  the  same  material  covering  the  floors  of  caverns,  it  oemg  made  from  the  watm 
that  drop  from  the  roofs,  or  from  sources  over  the  bottom  or  sides;  cones  of  it  sometimes 
rise  from  the  floor  to  meet  the  stalactites  above.  It  consists  of  layers,  irregularly  curved, 
or  bent.  Stalagmite,  or  a  solid  kind  of  travertine  (see  below)  when  on  a  la^  scale,  is  the 
alabaster  stone  of  ancient  writers,  that  is,  the  stone  of  which  ointment  vases,  of  a  certain 
form  called  alabasters,  were  made.  A  locality  near  Thebes,  now  wdl  known,  was  largely 
explored  by  the  andents.  and  the  material  has  often  been  hence  called  Egyptian  alabaster. 
It  was  also  formerly  called  onyx  and  onychites  because  of  its  beautiful  l^mded  structure. 
In  the  arts  it  is  often  now  calleid  Oriental  alabaster  or  onyx  marble.  Very  beautiful  marble 
of  this  kind  is  obtained  in  Algeria.  Mexican  onyx  is  a  similar  material  obtained  from 
Tecali,  Puebla,  Mexico;  also  in  a  beautiful  brecciated  form  from  the  extinct  crater  of  Zem- 
poaltepec  in  southern  Mexico.  Similar  kinds  occur  in  Missouri,  Arizona,  San  Luis  Obispo 
Co.,  California,  (c)  Calc-sinter,  Travertine,  Calc  Tufa.  l>avertine  is  of  essentially  the 
same  oridn  with  stalagmite,  but  is  distinctivdy  a  deposit  from  springs  or  rivers,  especially 
where  in  large  deposits,  as  alon^  the  river  Anio,  at  livoli,  near  Rome,  where  the  deposit  is 
scores  of  feet  in  thickness.  Similar  material  is  being  deposited  at  the  Mammoth  Hot 
Spring,  Yellowstone  Park,  (d)  Agaric  mineral;  Rock-milK  is  a  very  soft  white  material, 
breakmg  easily  in  the  fineers,  deposited  sometimes  in  caverns,  or  about  sources  holding 
lime  in  solution,  (e)  Rodc-^meal  is  white  and  light,  like  cotton,  becoming  a  powder  on 
the  slightest  pressure. 

B.  Varieties  based  upon  Composition 

These  include:    Dolomitic  calcUe.    Contains  magnesium  carbonate,  thus  graduating 
toward  true  dolomite.    Also  baricalcite  (which  contains  some  BaCOi);   similarly,  strong 
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tianocalcUe  (StCOs)  yferrocalcite  (FeGOs),  manganocalcUe  (MnCOi)  (see  under  agnolitey 
p.  582),  aneocalcite  (ZnCOi),  plumbocalcite  (PbCDa),  cobaltocalcUe  (CoCOj). 

Pyr.,  etc.  —  B.B.  iiifusible,  glows,  and  colors  the  flame  reddish  yellow;  after  ignition 
the  assay  reacts  alkaline;  moistened  with  hydrochloric  acid  imparts  the  characteristic 
lime  color  to  the  flame.  In  the  sohd  mass  effervesces  when  moistened  with  hydrochloric 
acid,  and  fragments  dissolve  with  brisk  effervescence  even  in  cold  acid.  See  further  under 
aragoniUi  p.  447. 

Diff.  —  Distingiushing  characters:  perfect  rhombohedral  cleavage;  softness,  can  be 
scratched  with  a  knife;  effervescence  in  cold  dilute  acid;  infusibihty.  Less  hard  and  of 
lower  specific  gravitv  than  aragonite  (which  see).  Resembles  in  its  different  varieties  the 
other  rhombohedral  carbonates,  but  is  less  hard,  of  lower  specific  gravitv,  and  more 
readily  attacked  bv  acid.  Also  resembles  some  varieties  of  barite,  but  has  lower  specific 
gravity;  it  is  less  hard  than  feldspar  and  harder  than  gypsum. 

Ifticro.  —  Recosnizcd  in  thin  sections  by  its  low  refraction  and  very  high  birefringence, 
the  polarization  colors  in  the  thinnest  sections  attaining  white  of  the  hi^est  order.  Ilie 
negative  interference  figure,  with  many  closely  crowd^  colored  rings,  is  also  character- 
istic. The  rhombohedral  cleavage  is  often  shown  in  the  fine  fracture  lines;  systems  of 
twinned  lamellse  often  conspicuous  (Fig.  750),  especially  in  crystalline  limestone. 

•  Artif .  —  Crystals  of  caldte  are  formed  when  a  solution  of  calcium  carbonate  in  dilute 
carbonic  acid  is  evaporated  slowly  at  ordinary  temperatures.  Calcite  is  formed  when 
aragonite  is  heated,  tne  transformation  being  complete  at  470^. 

Obs.  —  Calcite.  in  its  various  forms,  is  one  of  the  most  widely  distributed  of 
minerals.  Beds  ot  sedimentary  limestone,  formed  from  organic  remains,  shdls,  crinoids, 
corals,  etc.,  yield  on  metamorphism  crystalline  limestone  or  marble,  and  in  connection 
with  these  crjrstallized  calcite  and  also  deposits  in  caves  of  stalactites  and  stalagmites  often 
occur.  Common  with  the  zeolites  in  cavities  and  veins  of  igneous  rocks  as  a  result  of 
alteration,  and  similarly  though  less  abundant  with  ^nite,  syenit«,  etc.  A  freouent 
mineral  in  metalliferous  deposits,  with  lead,  copper,  silver,  etc.  Deposited  from  lime- 
bearing  waters  as  calc  sinter,  travertine,  etc.,  especially  in  connection  with  hot  springs  as 
at  the  Mammoth  Hot  Springs  in  the  Yellowstone  region. 

Some  of  the  best  known  localities  for  crystallized  calcite  are  the  following:  Andrea»^ 
berg  in  the  Harz  Mts.;  the  mines  of  Freil>erg,  Schneeberg,  etc.,  in  Saxony;  Kapnik  in 
Hungary;  Aussig  in  Bohemia;  Bleiberg  in  Carinthia;  Traversella  in  Piedmont,  Italy; 
Elba.  In  En^nd  at  Alston  Moor  and  Egremont  in  Cumberland;  Matlock,  Derbyshire; 
Beer  Alston  m  Devonshire;  at  numerous  points  in  Cornwall;  Weardale  in  Durham; 
Stank  mine.  Lancashire.  In  twin  crystals  of  great  variety  and  beauty  at  Guanajuato, 
Mexico.  Tne  Iceland  spear  has  been  obtained  from  Iceland  near  Helgustadir  on  the  Eske- 
fiord.  It  occurs  in  a  large  cavity  in  basalt.  The  crystals,  usually  showing  the  fundamental 
rhombohedron,  are  often  coated  with  tufts  of  stilbite. 

In  the  United  States,  crystallized  calcite  occurs  in  N.  Y.,  in  St.  Lawrence  Co.^  especially 
at  the  Ro^e  lead  mine;  m  Jefferson  Co.,  near  Oxbow;  dog-iooth  spar,  in  Niagara  Co.. 
near  Lockport,  with  pearl  spar,  celestite,  etc.:  in  Lewis  Co.,  at  Leyden  nd  Lowville,  ana 
at  the  Martinsburg  lead  mine;  at  Anthohy  s  Nose  on  the  Hudson,  formerly  groups  of 
large  tabular  crystals:  twins  from  Union  Springs,  Cayuga  Co  In  N.  J.,  at  Bergen,  yel- 
low calcite  with  datolite,  etc.  In  Va..  at  Wier's  cave,  stalactites  of  great  beauty;  also  in 
the  large  caves  of  Ky.  In  pyramidal  crystals  from  Kelly's  Island,  Lake  Erie.  At  the 
Lake  ^perior  copper  mines,  complex  crystals  often  containing  scales  of  native  copper. 
At  Warsaw,  111.,  m  great  variety  of  form,  lining  geodes  and  implanted  on  quartz  crystals; 
at  Quincy.  In  Mo.,  with  dolomite,  near  St.  Louis;  also  with  sphalerite  at  Joplin  and  other 
points  in  the  zinc  re^on  in  the  south-western  part  of  the  state,  the  crystals  usually  scaleno- 
nedral  and  of  a  wme-yellow  color.  Wis.,  from  Hazel  Green.  From  the  Bad  Lands, 
S.  D.  In  Nova  Scotia,  at  Partridge  Island,  a  wine-colored  calcite,  and  other  interesting 
varieties. 

Use.  —  In  the  manufacture  of  mortars  and  cements;  as  a  building  luid  ornamental 
material;  as  a  flux  in  metallurgical  operations;  Iceland  spar  is  used  to  make  polarizing 
prisms;  chalk  as  a  fertilizer,  in  whitewash,  etc. 

Thinolitb.  a  tufa  deposit  of  calc  um  carbonate  occurring  on  an  enormous  scale  in 
north-western  Nev.;  also  occurs  about  Mono  Lake,  Cal.  It  forms  layers  of  interlaced 
crystals  of  a  pale  yellow  or  light  brown  color  and  often  skeleton  structure  except  when 
covered  by  suDsequent  deposit  of  calcium  carbonate. 
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DOLOHTTE.    Pearl  Spar  pt. 
Tri-rhombohedral.     Axis  c  =  0-8322. 

er,  0001  A  lOll  -  43°  52'.  MM',  403l  A  i401  =  118»  63'. 

rr',  lOll  A  In)!  -  73°  45'. 

Habit  rhombohedraj,  usually  r(lOll)  or  Af(40il);  the  preseaceof  rhom- 
bohedrons  of   the  second  or  third 
^*'  "'  Belies  after  the  phenacite  type  very 

characteristic.  The  r  faces  com- 
monly curved  or  made  up  of  sub- 
individuals,  and  thus  passing  into 
ssddle-ahaped  forms  (Fig,  752). 
Also  granular,  coarse  or  fine, 
resembhng  ordinary  marble. 

Cleavage:  r(lOll)  perfect. 
Fracture  subconchoidal.  Brittle. 
H.  =  3'5-4.  G.  =  28-2'9.  Luster  vitreous,  inchning  to  pearly  in  some  vari- 
eties. Color  white,  reddish,  or  greenish  white;  also  rose-red,  green,  brown, 
gray  and  black.  Transparent  to  translucent.  Optically  — .  id  =  1-68174. 
t  =  1-50256. 

Comp.  —  Carbonate  of  calcium  and  magnesium  (Ca,Mg)COi;  for  nor- 
mal dolomite CaMgCtOs  or  CaCOsMgCO,  =  Carbon  dioxide  47-9,  hme  304, 
magnesia21-7  ^  100,  or  Calcium  carbonate  54  35,  magnesium  carbonate  45'6.5 
=  100.  Varieties  occur  in  which  the  ratio  of  the  two  carbonates  varies  from 
1  :  1.  The  carbonates  of  iron  and  manganese  also  frequently  enter  replacing 
the  magnesium  carbonate  and  gradir^  to  anherite ;  rardy  cobalt  and  sine 
carbonates. 

Pyr.,  etc  —  B.B.  acts  like  colcite.  In  solution  gives  teatfl  for  magneeium  and  uaually 
for  iron.  Fra^nenta  thrown  into  cold  acid,  unlike  calcite,  are  only  vcir  slowly  acted  upon, 
if  at  ail,  while  in  oowder  in  warm  acid  the  mineral  is  readily  diaaolved  with  effervescence. 
"The  ferriferous  dolomites  become  brown  on  CTpoeure. 

DUf.  —  Reeembles  calcite  (see  p.  441),  but  generally  to  be  distinguished  in  that  it  does 
not  effovence  readily  in  the  mass  m  cold  acid. 

Aitif;  —  Artificial  dolomite  has  been  formed  In  aevemi  ways.  The  results  of  many  ex- 
poimente  would  indicate  that  heat  and  preeaure  ore  favorable  for  its  formation.  Ses 
water  in  contact  with  calcivim  carbonate  when  heated  in  a  sealed  tube  produced  dalomite. 
It  has  been  obaerved  that  such  reactions  take  jdace  more  readily  wit^  aragonite  than 
with  calcite,  indicating  the  possibility  of  coral  dqmsita  (aragomte)  being  transformed 
into  dolomite. 

Micro.  —  Similar  to  calcite  in  thin  sections  except  that  it  more  often  shows  crystal 
outlines  and  less  commonly  polysynthetic  twinning. 

ObB.  —  Massive  dolomite  constitutes  extensive  strata,  called  limestone  strata,  in  various 
regions,  as  in  the  dolomite  region  of  the  southern  Tyrol.  CTystalline  and  compact  varieties 
are  often  associated  with  serpentine  and  other  magnesian  rocks,  and  with  ordinary  lime- 
stones. Dolomite,  as  a  rock,  la  of  secondary  origin,  having  been  transformed  from  ordinary 
limestone  by  the  action  of  solutions  containing  magnesium.  This  change,  called  doiomili- 
mtion,  may  take  place  in  various  ways.  The  more  favorable  conditions  would  involve 
heat,  pressure,  high  magnesium  content  of  watera  and  long  periods  of  time.  Conaequently 
liieold^  and  more  deeply  buried  in  the  earth's  crust  the  greater  ia  the  probability  of  a  lime- 
stone being  converted  into  dolomite.  Dolomite  is  also  commonly  a  vein  mineral,  freouently 
occurring  with  various  metaUic  ores.  Some  prominent  loctJities  are:  Leogang  in  Sauburg, 
Austria;  Schemnits  and  Kapnik  in  Hungary;  Freiberg  in  Saxony,  Gennany.  Id  Switio^ 
land,  at  Bex,  in  crystals;  also  in  tlie  Binnent^  Traveisella  in  Piedmont  and  Campolongo, 
Italy.     In  unusual  dark  colored  crystals  from  'Teruel,  Spain. 

In  the  United  States,  in  Ver.,  at  Roxbuiy.  In  N.  J.,  at  Hoboken.  In  N.  Y.  at  Lock- 
port,  Niagara  Falls,  ete.;  at  the  Tilly  Foster  iron  mine,  Brewster,  Putnun  Co.,  with  mag- 
netite, choudrodite.    In  I^.  at  Phcenixville.    In  saddle-efaaped  crystab  with  the  sphalerite 
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of  Joplin,  Mo.  In  N.  C.  at  Stony  Point,  Alexander  Go.  In  fine  orystals  from  Alamosa, 
Alaska 

Named  after  Dolomieu  (175Q-1801),  who  announced  some  of  the  marked  characteristics 
of  the  rock  in  1791  —  its  not  effervescing  with  acids,  while  burning  like  limestone,  and 
solubility  after  heating  in  acids. 

Use.  —  As  a  building  and  onmmental  stone;  for  the  manufacture  of  certain  cements: 
for  the  production  of  magnesia  used  in  the  preparation  of  refractory  linings  in  metallurgical 
furnaces. 

Ankerite.  CaCO«.(Mg,Fe,Mn)COi,  or  for  normal  ankerite  2CaC0|.MgC0«.FeC0». 
In  rhombohedral  crys  als;  rr'  lOll  A  IlOl  "s^TS"  48'*  also  crystalline  massive,  granular, 
compact.  G.  »  2  -95-3*1.  Color  white,  gray,  reddish.  Occurs  with  siderite  at  tne  Styrian 
mines.    From  Traversella,  Italy.    With  the  hematite  of  northern  New  York.' 

MAGNESITE. 

Rhombohedral  Axis:  c  =  0-8112.  ir^  1011  A  TlOl  =  72^  36'.  Crystals 
rare,  usually  rbombohedral,  also  prismatic.  Commonly  massive;  granular 
cleavable  to  very  compact;  earthy. 

Cleavage:  r(lOTl)  perfect.  Fracture  flat  conchoidal.  Brittle.  H.  =  3-6- 
4-5.  G.  =  3'0-3'12,  cryst.  Luster  vitreous;  fibrous  varieties  sometimes 
silky.  Color  white,  yellowish,  or  grayish  white,  brown.  Transparent  to 
opaque.    Optically  — .    «  =  1*717.-   c  =  1*515. 

Comp.  —  Magnesium  carbonate,  MgCO$  =  Carbon  dioxide  52*4,  mag- 
nesia 47*6  ~  100.    Iron  carbonate  is  often  present. 

BrmmnerUe  contains  several  p.  c.  of  FeO:  G.  «  3-3-2;  white,  vellowish,  brownish, 
rarely  black  and  bituminous;  often  becoming  brown  on  exposure,  and  hence  called  Brown 
Spar, 

Pyr.y  etc  —  B.B.  resembles  caloite  and  dolomite,  and  like  the  latter  is  but  slightly  acted 
upon  by  cold  acids;  in  powder  is  readily  dissolved  with  efiferyescence  in  warm  hydro- 
cnlcHric  acid.    In  solution  gives  strong  test  for  magnesium  with  little  or  no  calcium. 

Obs.  —  Found  as  a  secondary  mmeral  formed  by  the  alteration  of  various  wiAgnAwan 
minerals;  in  taJcose  schist,  serpentine  and  other  mapnesian  rocks,  also  gypsum;  as  veins 
in  serpentine,  or  mixed  with  it  so  as  to  form  a  vanetv  of  verd-antique  marble.  Occurs 
at  Hnibschtitz  in  Moravia;  at  Kraubat  and  Maria-Zdt,  Styria;  Gremer  in  the  ZiUertal, 
T3rTol,  Austria;  Snarum,  Norway. 

In  the  United  States,  in  Mass.,  at  Bolton:  at  Roxbury,  veining  serpentine;  in  Md.,  at 
Barehills,  near  Baltimore;  in  Pa.,  in  ovstals,  at  West  Goshen,  Chester  Co^  near  Texas, 
Lancaster  Co.;  in  Cal.  it  is  mined  in  Tulare,  Kern,  Santa  Clara,  Sonoma  Cos.  and  else- 
where. A  white  saccharoidal  magnesite  resembling  statuary  nmrble  has  been  found  as 
loose  blocks  on  an  island  in  the  St.  Lawrence  River,  near  the  Thousand  Island  Park.  In 
small  prismatic  crystals  from  Orangedale,  Nova  Scotia. 

Use.  —  In  the  preparation  of  magnesite  brick  for  the  linings  of  metallui]gical  furnaces; 
in  the  manufacture  of  various  chemical  compounds,  as  epsom  salts,  magnesia,  etc. 

Intermediate  between  magnesite  and  siderite  are: 

MBsrnTB.  2MgC0t.FeC0f .  rr'  lOll  A  TlOl  -  72*  46'.  G.  =  3-36-3  36.  Usually 
in  flat  rhombohedrons  (e,  0lT2)  with  roimded  faces.    Traversella,'  Piedmont,  Italy. 

PisTOMESiTB.  MgCOi.FeCOi  =  Magnesium  carbonate  42*0,  iron  carbonate  58*0  *■  100. 
rr'  lOTl  A  IlOl  »  72^  42".  G.  »  3*42.  Thumberg,  Salsburg,  Austria;  also  Traversella^ 
Italy. 

SIDERITE.    Chalybite,  Spathic  Iron. 
Rhombohedral.    Axis  c  =  0'8184, 

■or,    0001  A  lOTl  «  43''  23'.  rr',       1011  A  1101  =    73*    C. 

cM,  0001  A  4041  =  75''  11'.  MM',  40il  A  3401  =  113*  42'. 

c«,    0001  A  0551  =  78''    3'.  m',      OSSl  A  5051  =  115*  50'. 

cd,    0001  A  0881  -  82''  28'.  dd%     0881  A  8081  =  118''  18J'. 

Crystals  commonly  rhombohedral  r  (1011)  or  6(0112)  the  faces,  often 
curved  and  built  up  of  sub-individuals  like  dolomite.    Often  cleavable  massive 
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to  coarse  or  fine  granular.  Also  in  botryoidal  and  globular  forms,  subfibrous 
within,  occasionsJl^  silky  fibrous;  compact  and  earthy. 

Cleavage:  r(lOll)  perfect.  Fracture  uneven  or  subconchoidal.  Brittle. 
H.  =  3'5-4.  G.  =  3-83-3-88.  Luster  vitreous,  inclining  to  pearly.  Color 
ash-gray,  yellowish  gray,  greenish  gray,  also  brown  and  brownish  red,  rarelj' 
green;  and  sometimes  white.  Streak  white.  Translucent  to  subtranslucent. 
Optically  -.    w  =  1-873.    €  =  1-633. 

Comp.  —  Iron  protocarbonate,  FeCOj  =  Carbon  dioxide  37-9,  iron  pro- 
toxide 62;1  =  100  (Fe  =  48*2  p.  c).  Manganese  may  be  present  (as  in 
oliganite,  manganospherite),  also  magnesium  and  calcium. 

Pyr..  etc.  —  In  the  closed  tube  decrepitates,  gives  off  COs,  blackens  and  becomes  mag- 
netic. B.B.  blackens  and  fuses  at  4*5-5.  With  the  fluxes  reacts  for  iron,  and  with  8o<£i 
and  niter  on  platinum  foil  generally  gives  a  manganese  reaction.  Only  slowly  acted  upon 
by  cold  acid,  out  diasolves  with  bnsk  effervescence  in  hot  hvdrochloric  acid.  E^qxisure  to 
the  atmosphere  darkens  its  color,  rendering  it  often  of  a  blackish  brown  or  brownish  red 
color. 

Diff.  —  Characterized  by  rhombohedral  form  and  cleavage.  Specific  gravity  higher 
than  that  of  calcite,  dolomite  and  ankerite.  Resembles  some  sphalerite  out  lacks  the 
resinous  luster,  differs  in  cleavage  angle  and  vields  CO3  (not  HiS)  with  hydrochloric  acid. 

Obs.  — jSiaerite  may  form  as  "  bo^  ore  "  by  the  action,  out  of  contact  with  the  air,  of 
organic  matter  in  a  bicarbonate  solution.  It  may  also  be  formed  by  the  aotion  of  ferrous 
somtions  upon  limestones.  It  freauently  occurs  also  as  a  vein  mineral.  It  occurs  in  man v 
of  the  rock  strata,  in  gneiss,  mica  slate,  day  slate,  and  as  clay  ironnstone  in  connection  witli 
the  Ck>al  formation  and  many  other  stratified  deposits.  It  is  often  associated  with  metallic 
ores.  At  Freiberg,  Saxony,  it  occurs  in  silver  mmes.  In  Cornwall  it  accompanies  tin.  It 
is  also  foimd  accompanying  copper  and  iron  pyrites,  galena^  chalcocite,  tetrahedrite.  Occa- 
sionally it  is  to  be  met  with  in  trap  rocks  as  epherosiderite  m  globular  concretions.  Exten- 
sive deposits  occur  in  the  Eastern  Alps,  in  Styria  and  Carinthia  at  Tavetsch,  Switzerland. 
At  Harzgerode  and  elsewhere  in  the  Harz  Mts.,  it  occurs  in  fine  crystals  in  gray-wacke; 
also  in  Cornwall  of  varied  habit  at  many  localiti^  at  Alston-Moor,  and  Tavistock,  Devon- 
shire. In  large  rhombohedrons  from  Allevard,  france.  Fine  cleavage  masses  occur  with 
cryolite  in  Greenland. 

In  the  United  States^  in  Ver.,  at  Plymouth.  In  Mass.,  at  Sterling.  In  Conn.,  at  Rox- 
bury,  an  extensive  vein  m  quartz,  traversing  gneiss.  In  N.  Y.,  a  series  of  deposits  occur  in 
Columbia  Co^  at  the  Rossie  iron  mines,  St.  Lawrence  Co.  In  N.  C,  at  Fentress  and  Har- 
lem mines.  The  argillaceous  carbonate,  in  nodules  and  beds  (day  ironstone),  is  abundant 
in  the  coal  regions  of  Pa.^  Ohio,  and  many  parts  of  the  country.  In  a  day-bed  under  the 
Tertiary  along  the  west  side  of  Chesapeake  nay  for  50  m. 

Use.  —  An  ore  of  iron. 

RHODOCHROSITE.    Dialogite. 

Rhombohedral.  Axis  c  =  08184,  r/  lOTl  A  IlOl  =  73**  0'.  Distinct 
crystals  not  common;  usually  the  rhombohedron  r(lOll);  also  e(0112), 
with  rounded  striated  faces.  Cleavable,  massive  to  granular-massive  and 
compact.  Also  globular  and  botryoidal,  with  columnar  structure,  sometimes 
indistinct.;  incrusting. 

Cleavage:  r(lOll)  perfect.  Fracture  uneven.  Brittle.  H.  =  3'5-4-5. 
G.  =  3 -45-3  "60  and  higher.  Luster  vitreous,  incUning  to  pearly.  Color 
shades  of  rose-red;  yellowish  gray,  fawn-colored,  dark  red,  brown.  Streak 
white.    Translucent  to  subtranslucent.    Optically  — .    «  =  1'820.    c  =  1*600. 

Comp.  -T-  Manganese  protocarbonate,  MnCOa  =  Carbon  dioxide  38*3, 
manganese  protoxide  61-7  =  100.  Iron  carbonate  is  usually  present  even  up 
to  40  p.  c  ,  as  in  manganosiderite;  sometimes  the  carbonate  of  calcium,  as  in 
manganocaldte,  also  magnesium,  zinc,  ai\d  rarely  cobalt. 

Pjrr.,  etc.  —  B.B.  changes  to  gray,  brown,  and  black,  and  decrepitates  strongly,  but  is 
infusible.  With  salt  of  phosphorus  and  borax  in  O.F.  gives  an  amethystine-colored  bead, 
in  R.F.  becomes  colorless.    With  soda  in  O.F.  a  bluish  green  manganate.    Dissolves  with 
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effervescence  in  warm  hydrochloric  acid.  On  exposure  to  the  air  changes  to  brown,  and 
some  bright  rose-red  varieties  become  paler. 

Diff.  —  Characterized  by  its  pink  color,  rhombohedral  form  and  cleavage,  effervescence 
in  acids. 

Obs.  —  Occurs  commonly  in  veins  along  with  ores  of  silver,  lead  and  copper,  and  with 
other  ores  of  manganese.  Found  at  Sohemnitz  and  Kapnik  in  Hungary;  Na^dg  in  Tran- 
sylvania; ponile  is  a  ferriferous  variety  from  Roumania;  in  Germany  at  Freibers  in  Sax- 
ony; at  Dies  near  Obemeisen  in  Nassau;  at  Daaden,  Rheinprovinz;  in  Belgium  at 
Moet-Fontaine  in  the  Ardennes.  A  variety  containing  45  per  cent  of  zinc  carbonate  from 
Rosseto,  Elba,  has  been  called  zincorodockrosite.  In  the  United  States  at  Branchville, 
Conn.;  in  N.  J.,  with  franklinite  at  Mine  Hill,  Franklin  Furnace.  In  Col.,  at  the  John 
Reed  mine,  Alicante,  Lake  Co.,  in  beautiful  clear  rhombohedrons;  also  at  the  Oulay  mine, 
near  Lake  Citv  and  Alma,  Park  Co. ;  in  Chaffee,  Gilpin  and  Ouray  Cos.  In  Mon.,  at  Butte 
City.    Abuncmnt  at  the  silver  mines  of  Austin,  Nev.    At  Placentia  Bay,  Newfoundland. 

Named  rhodochrosUe  from  podoVf  a  roae,  and  xp^^h  color;  and  diaiogUe,  from  ^10^07^, 
dottbL 

Use.  —  A  minor  ore  of  manganese. 

SMITHSONITE.    Calamine  pt.    Dry-bone  ore  Miners, 

Rhombohedral.  Axis  c  =  0-8063.  rr'  lOTl  A  IlOl  =  72**  20'.  Rarely 
well  crystallized;  faces  r(lOll)  generally  curved  and  rough.  Usually  reni- 
form,  botryoidal,  or  stalactitic,  and  in  crystalline  incrustations;  also  granular, 
and  sometimes  impalpable,  occasionally  earthy  and  friable. 

Cleavable:  r(lOll)  perfect.  Fracture  uneven  to  imperfectly  conchoidal. 
Brittle.  H.  =  5.  G.  =  4*30-4 -45.  Luster  vitreous,  inclining  to  pearly. 
Streak  white.  Color  white,  often  grayish,  greenish,  brownish  white,  some- 
times green,  blue  and  brown.  Subtransparent  to  translucent.  Optically  — . 
«  =  1-818.    €  =  1-618. 

Comp.  —  Zinc  carbonate,  ZnCOj  =  Carbon  dioxide  35'2,  zinc  protoxide 
64*8  =  100.  Iron  carbonate  is  often  present  (as  in  monheimite) ;  also  manga- 
nese and  cobalt  carbonates;  further  calcium  and  magnesium  carbonates  in 
traces;  rarely  cadmium  and  indium. 

Pyr.^  etc.  —  In  the  closed  tube  loses  carbon  dioxide,  and,  if  pure,  is  yellow  while  hot 
and  white  on  cooling.  B.B.  infusible,  giving  characteristic  zinc  name^  moistened  with  co- 
balt solution  and  heated  in  O.F.  gives  a  green  color  on  cooling.  With  soda  on  charcoal 
coats  the  coal  with  the  oxide,  which  is  yelfow  while  hot  and  white  on  cooling:  this  coating, 
moistened  with  cobalt  solution,  gives  a  green  color  after  heating  in  OJ^.  Soluble  m 
hydrochloric  add  with  effervescence. 

Diff.  —  Distinguished  from  calamine,  which  it  often  closely  resembles,  by  its  efferves- 
cence in  acids. 

Obs.  —  Foimd  both  in  veins  and  beds,  especially  in  company  with  galena  and  sphalerite; 
also  with  copper  and  iron  ores.  It  usually  occurs  m  calcareous  rocks,  and  is  generally  asso- 
ciated with  calamine,  and  sometimes  with  limonite.  It  frequently  replaces  limestone,  peeu- 
domorphs  after  calcite  crystals  being  often  observed.  Commonly  a  secondary  mineral  and 
is  often  produced  by  the  action  of  carbonated  waters  upon  zinc  sulphide.  Often  is  in  a 
porous,  honey-comb-like  roaterial^  known  commonly  as  "diy-bone"  ore. 

Found  at  Nerchinsk  in  Siberia;  at  Dognaczka  in  Hungary;  Bleiber^  and  Raibel  in 
Carinthia;  Wiesloch  in  Baden  and  at  AItenber(|,  Germany.  Moresnet  m  Belgium  and 
Altenberg.  In  the  province  of  Santander,  Spam,  at  Puente  Viesffo.  In  England,  at 
Roughten  Gill,  Alston  Moor,  near  Matlock,  m  tne  Mendip  HiUs,  and  elsewhere:  in  Ireland, 
at  Donegal.  At  Laurion,  Greece,  varieties  of  many  colors;  from  Sardinia.  From  Broken 
Hill,  New  South  Wales. 

In  the  United  States,  in  Pa.,  at  Lancaster  abimdant,  the  variety  called  "dry-bone";  at 
the  Ueberroth  mine,  near  Bethlehem,  in  scalenohcdrons.  In  Wis.,  at  Mineral  Point, 
Shullsbur^etc.,  pseudomorphs  after  sphalerite  and  calcite.  In  la.,  at  Swing's  diggings, 
N.  W.  of  Dubuque,  etc.  In  south-western  Mo.,  associated  with  sphalerite  and  calamine. 
In  Ark.,  at  Calamine,  Lawrence  Co.:  in  Marion  Co.  A  pink  cobaltiferous  variety  occurs 
at  Boleo,  Lower  California.  In  N.  M.  from  Socorro  Co.  and  in  tnmslucent  green  botryoidal 
masses  from  Kelly.    In  Tooele  Co.,  Utah. 
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S^uerocobaltlte.  Cobalt  protocarbonate,  CoCOt.  Rhombohedrai.  In  small  g^dieri- 
cal  msaeea,  with  cTyBtaUine  ■lirface,  nu«ly  in  cryvtala.  G.  —  4'02-4'13.  Color  rose-red. 
Ftoin  Schoeeberg,  Saxony.    Ffom  Boleo,  Lower  California. 


2.  Aragtmite  Group.    RCOi.    OrtboiiKmbic' 

For  list  of  qieciee,  see  p.  437. 
ASAOOIfTTB. 

Orthorhombic.    Axee  a:b:c  =  062244  : 1  ;  072056. 
mm'",  no  A  lIO  -  63"  48'. 
kk'       on  A  OTl  -  71'  33'. 
pp'.      111  A  Til  -86"  24*'. 
pp"',    111  A  III  -  SC  27'. 

CryBtals  often  acicular,  and  characterised  by  the  preeenoe  of  acute  domes 
or  pyramidB.    Twidb;  tw.  pi.  tn(llO)  commonly  repeated,  producing  pseudo- 


hexagonal  fonnB  (see  Figs.  755-757).  Also  globular,  reniform,  and  coralloidal 
shapoB;  sometimes  columnar,  strai^t  or  divei^cnt;  alsoBtalactitic;  incnisting. 
Cleavage:  fc{010)  distinct;  abo  m(llO);  ft(Oll)  imperfect.  Fracture 
subconchoidal.  Brittle.  H.  =  35-^.  G.  =  2-93-2-95.  Luster  vitreous, 
inclining  to  reeinous  on  surfaces  of  fracture.  Color  white;  also  gray,  yel- 
low, green  and  violet;  streak  uncolored.  Transparent  to  translucent.  Op- 
tically -.  Ax.  pi,  11  a(lOO).  Bx  1  c(OOl).  Dispersion  p  >  v  small.  2  E 
=  30°  54'.     a  =  1-531.     0  =  1-682.     y  =  1-686. 

Comp.  —  Calcium  carbonate,  CaCO«  =  Carbon  dioxide  44'0,  lime  56'0 
=  100.     Some  variaties  contain  a  little  strontium,  others  lead,  and  rarely  zinc. 

Aragonite  changee  to  colcite  at  470°. 

Var.  —  Ordinary,  (a)  Cryatallited  in  [ample  or  compound 
most  common;  often  in  radiating  groups  of  acicular  cryatab. 
with  silky  luster,     (c)  Massive. 

SUUtKHtic  or  stalagmitic:  Either  compact  or  fibrous  in  structure,  as  with  calcite;  Spni- 
ddttein  is  stalactitic  from  Carlsbad,  Bohemia.  Coralloidal:  In  ^upings  of  ddicate  int«3^ 
lacingand  coalescing  stems,  ofasnow'whitecolor.ojid  looking  a,  httle like  coral;  often  called 
Flo^erri.  TarjunniizUe  is  a  kind  containing  lead  carbonate  {4  to  8  p.  c),  from  Tamowiti 
in  Silesia;  with  G.  »  2'90.  ZeyrinipU  is  a  caicareous  sinter^  probably  aragonite,  colored 
greenish  white  or  sky-blue  with  oickel,  from  Zeyrin^,  Styna.  Nieholaonite  is  aragonit« 
containing  cine  from  Leadville,  Col.,  and  Uie  Tintio  District,  Utah. 


CABBONATES  447 

Pyr.)  etc  —  B.B.  whitens  and  falls  to  pieces,  and  sometimes,  when  containing  strontia, 
imparts  a  more  intensely  red  color  to  the  flame  than  lime;  otherwise  reacts  liEe  calcite. 
When  immersed  in  cobalt  nitrate  solution  powder  turns  lilac  and  the  color  persists  on  boiling 
while  calcite  imder  like  conditions  remains  uncolored  or  becomes  blue  on  long  boiling.  It 
is  stated  that  these  tests  are  not  always  strictly  reliable. 

Diff .  —  Distinguished  from  calcite  by  higher  specific  gravity  and  absence  of  rhombo- 
hedral  cleavage;  from  the  zeolites  (e,g,^  natrolite),  etc.,  by  effervescence  in  acid.  Stron- 
tianite  and  witherite  are  fusible,  higher  m  specific  gravity  and  3rield  distinctive  flames  B.B. 
The  resinous  luster  on  fracture  surfaces  is  to  be  noted. 

Artif.  —  Aragonite  will  form  when  solutions  of  calcium  carbonate  are  evaporated  at 
temperatures  from  80°  to  100°;  it  will  form  at  lower  temperatures  if  the  solution  contains 
some  sulphate  or  small  amounts  of  the  carbonates  of  strontium  or  lead. 

Obs.  —  The  most  common  repositories  of  aragonite  are  beds  of  gypsum;  also  beds  of 
iron  ore,  as  the  Styrian  mines,  where  it  occurs  in  coralloidal  forms,  and  is  denominated  fioa- 
ferri,  "JUnver  of  iron";  in  cavities  in  basalt  and  lavas ;  often  associated  with  copper  and  iron 
pyrites,  galena,  and  malachite.  It  constitutes  the  pearly  layer  of  shells  and  the  skeleton 
material  of  corals. 

First  discovered  in  Aragon,  Spain  (whence  its  name),  at  Molina  and  Valencia,  in  six- 
sided  i>riams,  with  gypsum,  similarly  at  Dax.  France.  Prominent  locaHties  are  Bilin, 
Bohemia;  Racanbunto^  Silesia;  Leogang  in  Salzburg,  Austria;  Herrengrund,  Hungary; 
with  sulphur  in  Sicily  m  fine  prisms;  also  at  Alston  Moor  and  elsewhere,  England,  fine 
tapering  crystals.    In  twins  frequently  replaced  by  native  copper  from  Ck>ro-Coro,  Bolivia. 

In  fibrous  crusts  at  Hoboken,  N.  J.;  at  Edenville  and  RoeBie,  N.  Y.;  Wood's  Mine, 
Lancaster  Co.,  Pa.:  Warsaw,  111.,  lining  geodes;  Mine-la-Motte,  Mo.,  in  crystals.  Flos- 
ferri  in  the  Or^m  Mts.,  N.  M.;  from  Bisbee,  Ariz. 

Ktypeite  is  calcium  carbonate  in  the  form  of  ^solites  from  Carlsbad,  Bohemia,  and 
Hammam-Meskoutine,  Algeria.  G.  ^  2*58-2*70.  Decrepitates  when  heated  and  changes 
to  calcite. 

WITBXRITB. 

Orthorhombic.  Axes  a  :b  :c  =  0-6032  :  1  :  07302.  Ciystals  alwajrs  re- 
peated twins,  simulating  hexagonal  pyramids.  Also  massive,  columnar  or 
granular. 

Cleavage:  6(010)distinct;  m(llO)  imperfect.  Fracture  imeven.  Brittle. 
H.  =  3-3*75.  G.  =  4*27-4 -35.  Luster  vitreous,  inclining  to  resinous  on  sur- 
faces of  fracture.  Color  white,  yellowish,  grayish.  Streak  white.  Subtrans- 
parent  to  translucent.    Optically  — .    a  =  1*529.    fi  =  1*676.    y  =  1*677. 

Comp.  —  Barium  carbonate,  BaCOs  =  Carbon  dioxide  22*3,  baryta  77*7 
=  100. 

Pyr..  etc.  —  B.B.  fuses  at  2  to  a  bead,  coloring  the  flame  yellowish  green;  after  fusion 
reacts  alkaline.  B.B.  on  charcoal  with  soaa  fuses  easily,  and  is  absorbed  by  the  coal.  Solu- 
ble in  dilute  hydrochloric  acid;  this  solution,  even  when  very  much  diluted,  gives  with  sul- 
phuric acid  a  white  precipitate  which  is  insoluble  in  acids. 

Diff.  —  Distinguishea  bjr  its  high  specific  gravity;  effervescence  in  acid;  green  colora- 
tion of  the  flame  B.B.    Barite  is  insoluble  in  hydrochloric  acid. 

Obs.  —  Occurs  at  Alston  Moor  in  Cumberland,  with  galena;  at  Fallowfield  near  Hex- 
hani  in  Northumberland;  Tamowitz  in  Silesia.  Leogang  in  Salzburg,  Austria.  Near 
Lexin^n,  Ky.,  with  barite.  In  a  silver-bearing  vein  near  I&bbit  Mt.,  Tnimder  Bay,  Lake 
Supenor.    From  Tsubaki  mine,  Prov.  Ugo,  Japan. 

Use.  —  A  minor  source  of  barium  compounds. 

Bromlite.  (Ba,Ca)COt.  In  pseudohexagonal  pyramids  (Fi03.  611,  612,  p.  299).  In- 
dices, 1*525-1*670.    Bromley  Hill,  near  Akton,  Ctunberland,  England. 

STRONTIAlflTE. 

Orthorhombic.     Axes  a  :  6  :  c  =!  0*6090  :  1  :  0*7239. 

Crystals  often  acicular  or  acute  spear-shaped,  like  aragonite.  Twins:  tw. 
pi.  m(llO)  common.     Also  columnar,  fibrous  and  granular. 

Cleavage:  m(llO)  nearly  perfect;  6(010)  in  traces.  Fractiu-e  uneven. 
Brittle.    H.  =  3-5-4.    G.  =  3*680-3*714.    Luster    vitreous;     inclining    to 


7 


448 


DESCRIPTIVE   UINBRALOOT 


resiDous  on  faces  of  fracture.  Color  pale  asjutraguB-green,  apple-green;  also 
white,  gray,  yellow,  and  yellowish  brown,'  Streak  white.  Transparent  to 
translucent.  Optically  -.  Ax.  pi.  |Jfr(010).  Bx  ±  c(001).  Dispersion 
p  <  V  small.     2E,  =  12"  17'.     a  =  fraSO.     »  =  1-667.     7  =  1-667. 

Conqi.  —  Strontium  carbonate,  SrCOs  =  Carbon  diozide  29"9,  strontia 
70'1  =  100.    A  little  calcium  is  sometimes  present. 

P^r.,  «tc.  —  B.B.  awellH  up,  throws  out  minute  sprouts,  fuses  only  od  the  thia  edges,  and 
colors  the  fltune  Btrontia-red;  the  a«ay  reacts  alKaline  sft^  i^ition.  Moisteaed  with 
hydrocliloric  &cid  and  treated  either  B.B.  or  in  the  naked  lajjip  gives  an  intense  red  col<». 
Soluble  in  hydrochloric  acid;  the  mediumly  dilute  solution  when  treated  with  sulphuric 
acid  gives  a  white  precipitate. 

DSB.  —  Differs  from  related  minerals,  not  carboualee,  in  effervescing  with  acids;  has  a 
higher  specific  gravity  than  ara^nite  and  lower  than  witherite;  colors  the  flame  red  B.B. 

Obs.  —  Occurs  at  Strontian  m  Argyllshire  and  in  Yorkshire,  England;  Clauatat  in  the 
Hars  Mts.,  Germany;  Braunsdorf,  near  Freibei^j  Saxony;  Leogang  in  S^burg,  Austria; 
near  Brixlegg,  IVrot,  Austria  (coZcioitronfianite};  m  Westphalia,  Gramany  in  fine  crystals 
near  Hamm,  ana  at  the  Wilhelmine  mine  near  Altahlen . 

In  the  United  States,  occim  in  N.  Y.  at  Schoharie,  at  Muscalonge  LAke,  Chaumont 
Bay  and  Theresa,  in  Jefferson  Co.;  Mifflin  Co-,  Pa. 

Um.  —  A  minor  source  of  strontium  compounds. 


CBRUSSITE.    White  Lead  Ore. 
Orthorhombic.     Axes  a:h  \e  '^  0*6 


:  1  : 0-72300. 

mm'",  no  A  lIO  -  62"  46'. 
A*',  Oil  A  Oil  -71' 44'. 
^i•,  021  A(fil  =  110' 40'. 
ep,  001  A  111  -  54°  14'. 
pp',  111  A  111  -87°  42'. 
pp''',    111  A  iTl  -  49°  591'. 

Simple  crystals  often 
tabular  |]  fc(OlO),  pris- 
matic |[  caxis;  also  pyr- 
amidal. Twins:  tw.  pi. 
m(llO)  very  common, 
contact-  and  penetration- 
twins,  often    repeated 

yielding   slx^rayed    stellate  groups.      Crystals    grouped    in    clusters,   and 

aggre^tes.     Rarely  fibrous,  often  granular  massive  and  compact;    earthy. 

Sometimes  stalactitic. 

Cleavage:    m(UO)  and  t(021)  distinct;    b(0t0)  and  x(012)  m  traces. 

Fracture  conchoidal.     Very  brittle.    H.  =  3-3-5.    G.  =  6-46-6-574.    Luster 

adamantine,  inclining  to  vitreous,  resinous,  or  pearly;  sometimes  submetallic. 

Color  white,  gray,  grayish  black,  sometimes  tinged  blue  or  green  (copper); 

streak  uncolored.     Transparent  to  subtranslucent.     Optically  — ,    Ax.  pi.  || 

b(010).    Bx  J.  c(001).    Diapersionp  >  uiarge.    2  V  =  8"  14'.    «  =  1-804. 

(3  =  2-076.    7  -  2-078. 

Comp.  —  Lead  carbonate,  PbCOi  =  Carbon  dioxide  16'5,  lead  oxide 

83.5  =  100. 


lie  lead. 


Soluble  in  dilute  nitric  acid  with 
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Artif .  —  Ceruflsite  has  been  produced  artificially  by  the  slow  dififusion  of  a  carbonate 
solution  into  a  lead  solution  through  a  porous  membrane;  by  the  action  of  a  carbonate 
solution  upon  a  lead  plate. 

Obs.  —  A  secondary  mineral  occurring  in  connection  with  other  lead  minerals,  and  is 
formed  from  g^alena,  which,  as  it  passes  to  a  sulphate,  may  be  changed  to  carbonate  by 
means  of  solutions  of  calcium  bicar Donate.  It  is  tound  in  Germany  at  Johanngeoreenstaat 
in  beautiful  crystals;  Friedrichssei^n,  Nassau;  Badenweiler,  Baden:  at  Claustcu  in  the 
Harz  Mts.  Other  important  locahties  are  Monte  Poni,  Sardinia;  at  Bleiberg  in  Carinthia; 
at  Mies  and  Pfibram^JBohemia;  in  England,  in  Cornwall:  at  East  Tamar  mine,  Devonshire; 
near  Matlock  and  Wirksworth,  Derbyshire;  at  Leaahill  and  Wanlockhead,  Scotland. 
Fine  crystals  from  Broken  Hill,  New  South  Wales. 

Found  in  Pa.,  at  Phenixyille.  In  Va.^  at  Austin's  mines,  Wythe  Ck).  In  N.  C,  in  King's 
mine.  In  lead  mines  of  Wis.  but  rarely  m  crystals;  at  Hazel^een,  crystals  coating  galena. 
In  Col.,  at  LeadviUe,  and  elsewhere.  In  Aru.,  at  the  Flux  mine,  Pima  Co.,  in  large  crys- 
talline masses;  in  crystals  at  the  Red  Cloud  mine,  Yuma  Co.  In  Utah  from  ixa^staff 
mine;  in  Idaho  at  Wardner  and  Kingston. 

Use.  —  An  ore  of  lead. 

BARYTOCALCITE. 

Monoclinic.  Axes  a  :  6  :  c  =  07717  : 1  :  0-6254;  /3  =  73'*  52'.  In  crys- 
tals; also  massive. 

Cleavage:  m(llO)  perfect;  c(OOl)  less  so.  Fracture  uneven  to  subcon- 
choidal.  Brittle.  H.  =  4.  G.  =  3  •64-3 -66.  Luster  vitreous,  inclining  to 
resinous.  Color  white,  grayish,  greenish  or  yellowish.  Streak  white.  Trans- 
parent to  translucent.     Optically  — .    a  =  1-525.    /3  =  1-684.    y  =  1*686. 

Comp.  —  Carbonate  of  barium  and  calciiun,  BaCOs.CaCOs  =  Carbon 
dioxide  29  6,  baryta  51-5,  lime  18*9  =  100. 

Pyr^  etc.  —  B.B.  colors  the  flame  yellowish  green,  and  at  a  high  temperature  fuses  on 
the  tnin  edges  and  assumes  a  pale  ^een  color;  the  assav  reacts  alkaline  after  ignition. 
Soluble  in  dilute  hydrochloric  acid  with  effervescence.  Dilute  solution  gives  an  abundant 
precipitate,  BaSO^,  with  a  few  drops  of  sulphuric  acid. 

Obs.  —  Occurs  at  Alston  Moor  in  Cumberland,  England,  in  limestone  with  barite  and 
fluorite. 

RosAsriE.  2Cu0.3CuCOi.5ZnCOs?.  Mammillary  fibrous  of  a  bright  green  to  sky- 
blue  color.    From  Rosas  mine  at  Sulcis,  Sardinia. 

BismutosphMrite.  Bis(C08)8.2Bi20a.  In  spherical  forms  with  radiated  structure. 
G.  ■=  7*42.  CJolor  yellow  to  my  or  blackish  brown.  From  Schneeberg,  Saxony.  Also 
sparingly  at  Willimantic  and  Portland,  Conn.,  as  a  result  of  the  alteration  of  bismuthinite. 
From  the  Stewart  mine,  Pala,  San  Diego  Co.,  Cal. 

Rutherfordlne.  Uranyl  carbonate,  UOtCOs.  A  yellow  ocher  resulting  from  alteration 
of  uraninite.    G.  =  4 '8.    From  Uruguru  Mts.,  German  East  Africa. 

Parisite.  A  fluooarbonate  of  the  cerium  metals,  [(Ce,La,Di)F|iCa(COi)i.  Rhombo- 
hedral.  Crystals  small  and  slender.  Habit  pyramidal  or  prismatic.  Ciysts^  horizontallv 
grooved  due  to  oscillatory  combination  of  faces.  H.  »  4*5.  G.  =  4*358.  Color  brownish 
yellow.  Optically  -f.  «  =  1-676.  c  =  1*757.  From  the  emerald  mines,  Muso,  Colom- 
bia; Ravalli,  Mon.;  Quincy,  Mass.;  Montorfano,  Italy;  Narsarsuk,  Greenland  (syrtr 
ckisite). 

Cordylite  is  a  parisite  containing  barium  from  Narsarsuk,  South  Greenland.  Other 
material  from  Narsarsuk  thought  to  be  a  new  species  and  named  aynchinU  is  parisite. 

BastnMsite.  Hamartite.  A  fluocarbonate  of  the  cerium  metals  (RF)COs.  H.  «  4*5. 
G.  =  4*948.  Color  wax-yellow  to  reddish  brown.  Uniaxial,  -f.  Strone  birefringence, 
en  —  1*715.  From  the  BastnSs  mine,  Riddarhyttan,  Sweden.  Also  in  parallel  growth  with 
tysonite  in  the  granite  of  the  Pike's  Feak  region  in  Colorado.  Found  to  the  east  of  Ambo- 
sitra,  Madagascar. 

Ancylite.  4Ce(OH)COs.3SrC08.3HjO.  Orthorhombic.  In  small  pyramids  with  curved 
faces  and  edges.  H.  =4*5.  G.  =  3  "9.  Color  light  veUow,  orange,  brown,  gray.  Infu- 
sible.   From  Narsarsuk,  Greenland.    Weibyeite  is  a  related  mineral. 

Ambatoarinite.  A  carbonate  of  strontium  and  the  rare  earths.  Orthorhombic?  In 
crystals  with  parallel  axes,  forming  skeleton-like  groups.  Index,  >  1*66.  From  Amba- 
toanna,  near  Ambositra,  Madagascar. 
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PHOSGENTTE. 

Tetragonal.    Axis  c  =  1-0876.    Crystals  prismatic;   sometimes  tabular 
llc(OOl). 

Cleavage:  m(llO),  a(lOO)  distinct;  also  c(OOl).  Rather  sectile.  H.  = 
2*75-3.  G.  =  6'0-6*3.  Luster  adamantine.  Color  white,  gray,  and  yellow. 
Streak  white.  Transparent  to  translucent.  Optically  +.  w  =  2114.  «  = 
2140. 

Comp.  —  Chlorocarbonate  of  lead,  (PbC^jCOa  or  PbCOj.PbClj  =  Lead 
carbonate  49*0,  lead  chloride  51  0  =  100. 

Pyr.,  etc.  —  B.B.  melts  readily  to  a  yellow  globule,  which  on  cooling  becomes  white 
and  crystalline.  On  charcoal  in  R.F.  gives  metallic  lead,  with  a  white  coating  of  lead 
chloride.  Dissolves  with  effervescence  in  dilute  nitric  acid  and  solution  reacts  for  chlorine 
with  silver  nitrate. 

Obs.  —  At  Cromford  near  Matlock  in  Derbyshire;  at  Gibbas,  Monte  Poni  and  Monte- 
vecchio  in  Sardinia.    From  Broken  Hill,  New  South  Wales;  Dundas,  Tasmania. 

Norihupite.  MgCOi.NajCOi.NaCl.  In  isometric  octahedrons.  H.  =  3'5-4.  G.  = 
2'38.     White  to  yellow  or  gray,    n  =  1  '514.     From  Borax  Lake,  San  Bernardino  Co.,  Gal. 

Tychite.  2MgCO,.2NaiCO,.NaiS04.  Isometric.  Octahedral  habit.  H.  =  3'5.  G. 
>■  2*5.  n»  1*51.  Very  rare.  From  Borax  Lake,  San  Bernardino  Co.,  Cal.,  associated 
with  northupite. 

B.    Acid,  Basic,  and  Hydrous  Carbonates 

Teschemacherite.  Acid  anmionium  carbonate,  HNEUCOi.  Orthorhombic.  In  yel- 
lowish to 'White  crystals.  G.  -  1*45.  Indices,  1*423-1*536.  From  guano  deposits  of 
Africa,  Patagonia,  the  Chincha  Islands. 


MALACHTTB. 

Monoclinic.    Axes  a  :  6  :  c  =  08809  :  1  :  0*4012; /3  =  61**  50'. 

Crystals  rarely  distinct,  usually  slender,  acicular  prisms  {mm"'  110  A  iTO 
=  75®  40'),  grouped  in  tuifts  and  rosettes.  Twins:  tw.  pi.  a(lOO)  common. 
Commonly  massive  or  incrusting,  with  surface  botryoidal,  or  stalactitic,  and 
structure  divergent;  often  delicately  compact  fibroas,  and  banded  in  color; 
frequently  granular  or  earthy. 

Cleavage:  c(001)  perfect;  6(010)  less  so.  Fracture  subconchoidal,  im- 
even.  Brittle.  H.  =  3*5-4.  G.  =  3-9-4-03.  Luster  of  crystals  admantine, 
inclining  to  vitreous;  of  fibrous  varieties  more  or  less  sUky;  often  dull  and 
earthy.  Color  bright  green.  Streak  paler  green.  Translucent  to  sub- 
translucent  to  opaque.    Optically  — .    /3  =  TSS. 

Comp.  —  Basic  cupric  carbonate,  CuC08.Cu(OH)2  =  Carbon  dioxide 
19-9,  cupric  oxide  71  9,  water  82  =  100. 

Pyr.,  etc.  —  In  the  closed  tube  blackens  and  yields  water.  B.B.  fuses  at  2,  coloring  the 
flame  emerald-n-een;  on  charcoal  is  reduced  to  metaUic  copper;  with  the  fluxes  reacts  like 
cuprite.    Soluble  in  acids  with  effervescence. 

Diff.  —  Characterized  b}r  ^^een  color  and 'copper  reactions  B.B.;  differs  from  other 
copper  ores  of  a  green  color  in  its  effervescence  with  acids. 

Artif.  —  Malachite  ha£(  been  formed  artificially  by  heating  precipitated  copper  carbon- 
ate with  a  solution  of  ammonium  carbonate  for  several  days. 

Obs.  —  Common  with  other  ores  of  copper  and  as  a  product  of  their  alteration;  thus 
as  a  pseudomorph  after  cuprite  and  azunte.  Occurs  abundantly  in  the  Ural  Mts.;  at 
Chessy  in  France;  in  Cornwall  and  in  Cumberland,  England;  in  Germany  at  Rheinbreit- 
bachj  DiUenburg,  Nassau;  Betzdorf  near  Siegen.  At  the  copper  mines  of  Nizhni  Ta^lsk, 
Russia;  with  the  copper  ores  of  Cuba;  Chile;  at  the  Cobar  mines  and  elsewhere  in  New 
South  Wales;  South  Australia;  Rhodesia.  In  crystals  frf>m  Katanga,  Congo,  and  Min- 
douli,  French  Congo. 
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Occurs  in  N.  J.,  at  Schuyler's  mines,  and  at  New  Brunswick.  In  Pa.,  at  Cornwall, 
Lebanon  Go^  at  the  Perkiomen  and  Phenixville  lead-mines.  In  Wis.,  at  the  copper  mines, 
of  Mineral  Foint,  and  elsewhere.  Abundantly  in  fine  masses  and  acicular  cr3rstals,  with 
calcite  at  the  Copper  ^een  mine,  Bisbee,  Cochise  Co..  Ariz.;  also  in  Graham  Co.,  at 
Morenci  (6  m.  from  Clifton),  in  stalactitic  forms  of  malachite  and  azurite  in  concentric 
bands.  At  the  Santa  Rita  mines.  Grant  Co.,  and  elsewhere  in  N.  M.  Tintic  district, 
Utah.  In  peeudomorphs  from  Good  Springs,  Nev.  Named  from  fia}iaxh,  mallowa,  in 
allusion  to  the  green  color. 

Use.  —  An  ore  of  copper;  at  times  as  an  ornamental  stone. 

AZUBITB. 
Monoclinic.    Axes  a  :  6  :  c  =  0*8601  :  1  :  0*8805;  /3  =  87"*  36'. 

761  768  768 


mm 

acy 

c<r, 


/// 


110  A  iTo 
100  A  001 
001  A  101 
923  A  (S3 


80**  41'. 
SI""  36'. 
44^46'. 
eO''  47'. 


pp%  021  A  (fil 

cmy  001  A  110 

cd,  001  A  243 

hh',  221  A  25l 


120**  47'. 
88**  10'. 
64*^29'. 
73**  56'. 


Crystals  varied  in  habit  and  highly  modified.  Also  massive,  and  present- 
ing imitative  shapes,  having  a  columnar  composition;  also  dull  and  earthy. 

Cleavage:  p(021)  perfect  but  interrupted;  a(lOO)  less  perfect;  m(llO)  in 
traces.  Fracture  conchoidal.  Brittle.  H.  =  3*5-4.  G.  =  3'77-3'83.  Lus- 
ter vitreous,  almost  adamantine.  Color  various  shades  of  azure-blue,  passing 
into  Berlin-blue.  Streak  blue,  lighter  than  the  color.  Transparent  to  sub- 
translucent,     a  =  1730.    /S  =  1-758.    y  =  1-838. 

Comp.  —  Basic  cupric  carbonate,  2CuC08.Cu(OH)a  =  Carbon  dioxide 
25-6,  cupric  oxide  692,  water  5*2  =  100. 

Pyr.)  etc.  —  Same  as  in  malachite. 

Tm.  —  Characterized  by  its  blue  color;  effervescence  in  nitric  acid;  copper  reactions 
B.B. 

Artif .  — Azurite  has  been  formed  by  allowing  a  solution  of  copper  nitrate  to  lie  in  con- 
tact with  fr^ments  of  calcite  for  several  years. 

Obs.  —  Occurs  in  splendid  crystallizations  in  France  at  Chessy,  near  L^ons,  whence  it 
derived  the  name  Chessy  Copper  or  chessylite.  Also  in  fine  crystals  in  Siberia;  Moldawa  in 
the  Banat,  Hungary ;  at  Wheal  Buller,  near  Redruth  in  Cornwall ;  in  Devonshire  and  Derby- 
shire, E^n^and:  at  Broken  Hill  and  elsewhere  in  New  South  Wales;  South  Australia. 

Occurs  in  Pa.,  at  PhenixviDe,  in  crystals.  In  N.  J.,  near  New  Brunswick.  In  Wis., 
near  Mineral  Point.  In  Ariz.,  at  the  Longfellow  and  other  mines  in  Graham  Co.;  with 
malachite  in  beautiful  crystals  at  the  Copper  Queen  mine,  Bisbee;  at  Morenci.  In  Grant 
Co.,  N.  M.  At  the  Mammoth  mine  in  the  Tintic  district  and  in  Tooele  Co.,  Utah.  In 
Cal^ Calaveras  Co.,  at  Hughes's  mine,  in  crystals. 

use.  —  An  ore  of  copper. 

Aurichalcite.  A  basic  carbonate  of  zinc  and  copper,  2(Zn,Cu)COi,.3(ZnXhi)(OH)t. 
Orthorhombic?  In  drusy  incrustations.  G.  =  3'5i-3*64.  Luster  pearly.  Color  pale 
Kre^i  to  sky-blue.  Indices,  1*634-1 -682.  From  the  Altai  Mts.,  Mongolia;  Chessy,  near 
Lyons,  France;  Rezb^ya,  Himgary;  Onddrroa,  Vizcaya,  Spain;  Chihuahua,  Mexico.  In 
the  United  States,  at  Lancaster,  ra.;  Salida,  Col.;  the  Santa  Caterina  Mts.,  Ariz.;  Beaver 
Co.,  Utah;  KeUy,  N.  M. 

Hydrozindte.  A  basic  zinc  carbonate,  perhaps  ZnC0|.2Zn(0H)t.  Massive,  fibrous, 
earthy  or  compact,  as  incrustations.    G.  —  3*58-3*8.    Color  white,  grayish  or  yellowish. 
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Index,  1*695.  Occurs  at  mines  of  zinc,  as  a  result  of  alteration.  In  great  quantities  at  the 
Dolores  mine,  Santander,  Spain.  From  Chihuahua,  Mexico;  Bleyberg,  Bel^iun:  Mai- 
fidano,  Sardinia.  In  the  Umted  States  at  Fnedensville,  Pa.;  at  Linden,  in  Wis.;  Granby, 
Mo. 

OTAvrrE.  A  basic  cadmium  carbonate  of  uncertain  composition.  In  crusts  showing  min- 
ute rhombohednd  crystals.  Color  white  to  reddish.  From  the  Otavi  district,  German 
Southwest  Africa. 

Hydrocemssite.  A  basic  lead  carbonate,  probably  2PbC0i.Fb(0H)i.  In  thin  ookH^ 
less  hexagonal  plates.  Index,  2*07.  Occurs  as  a  coating  on  native  lead,  at  L&ngban, 
Sweden;  with  galena  at  Wanlockhead,  Scotland. 

Dundasite.  A  basic  carbonate  of  lead  and  aluminium,  Pb(A10)s(COt)s.4HiO.  In 
small  spherical  aggregates  of  radiating  acicular  crystals.  Color  white.  FYom  Dundas  and 
Mt.  R&ad,  Tasmania,  and  from  near  Trefriw,  Carnarvonshire,  Wales;  Wensley,  Derbyshire; 
near  Maam,  County  Galway,  Ireland. 

Daw8onite«  A  basic  carbonate  of  aluminium  and  sodium,  NatAl(C0i)s.2A](0B[)t. 
Orthorhombic.  In  thin  incrustations  of  white  radiating  bladed  crystals.  Perfect  cleavage. 
m(llO).  G.  «=  2*40.  Indices,  1*466-1 '596.  Found  on  a  feldspathic  dike  near  McGill 
College,  Montreal.    From  the  province  of  Siena,  Pian  Castaguaio,  Tuscany,  Italy 


Thermonatrite.  Hydrous  sodium  carbonate,  NatCOs.H«0.  G.  »  1 '5-1*6.  Occurs  m 
various  lakes,  and  as  an  efflorescence  over  the  soil  in  many  dry  regions. 

Neaquehonite.  Hydrous  magnesium  carbonate,  Mc^COs.3HiO.  In  radiating  groups 
of  prismatic  crystals.  G.  =  1*83-1 '85.  Colorless  to  white.  Biaxial.—.  Indices,  1*49&- 
1*526.    From  a  coid  mine  at  Nesquehoning,  Schuylkill  Co.,  Pa.    See  lansfordite,  p.  453. 

Natron.  Hydrous  sodium  carbonate,  NaiCO|.10H«O.  Occurring  in  nature  only  in 
solution,  as  in  the  soda  lakes  of  Egypt,  and  elsewhere,  or  mixed  with  the  other  sodium 
carbonates. 

Pirssonite.  CaCOs.NatCO«.2HiO.  In  prismatic  crystals,  orthorhombic-hemimorphic. 
H.  »  3.  G.  =  2*35.  Colorless  to  white.  Optically  +.  Indices,  1'504-1'576.  Borax 
lAke,  San  Bernardino,  Cal. 

GAY-LUSSITE. 

Monoclinic.    Axes  a  :  6  :  c  =  1-4897  :  1  :  1*4442;  /3  =  78^  27'. 

mm'",  110  A  ITO  -=  lir  10'. 
764  766  ee\       Oil  A  Oil  =  109**  30'. 

me,       110  A  Oil  =    42**  21'. 
rr',       Il2  A  112  =    69**  29'. 

Crystals  often  elongated  ||  a  axis;  also 
flattened  wedge-shaped.  Cleavage: 
m  (110)  perfect;  c  (001)  rather  difficult. 
Fracture  conchoidal.  Very  brittle. 
H.  =  2-3,  G.  =  1-93-1 -95.  Luster 
vitreous.  Color  white,  yellowish  white. 
Streak  uncolored  to  grayish.  Translu- 
cent. Optically  --.  a  =  1*444,  P  = 
1-517.,  7  =  1-518. 
Comp.  —  Hydrous  carbonate  of  calcium  and  sodium,  CaCOa.NasCOs. 
SHjO  =  Calcium  carbonate  33-8,  sodium  carbonate  35  8,  water  30  4  =  100. 

Pyr.,  etc.  —  Heated  in  a  closed  tube  decrepitates  and  becomes  opaque.  B.B.  fuses 
easily  to  a  white  enamel,  and  colors  the  flame  intensely  yellow.  Dissolves  in  acids  with  a 
•  brisk  effervescence;  partly  soluble  in  water,  and  reddens  turmeric  paper. 

Obs.  —  Abundant  at  La^nilla,  near  Merida,  in  Venezuela,  in  cnrstals  disseminated  at 
the  bottom  of  a  small  lake,  m  a  bed  of  clay,  covering  troTia.  Also  abundant  in  Little  Salt 
Lake,  or  Soda  Lake,  in  the  Carson  desert  near  Ragtown,  Nev.,  deposited  upon  the  evapora- 
tion of  the  water.  From  Sweetwater  VaUey,  Wy.  Named  after  Gay  Lussac,  the  French 
chemist  (1778-1850). 
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Lantiiaiiite.  Lat(00t)t>9Hi0.  In  thin  tabular  orthorhombic  oiystab;  also  granular, 
earthy.  G.  =  2*605.  Color  grayish  white,  pink,  yellowish.  Optically  — .  Found  coat- 
ing cerite  at  Bastn&s,  Sweden:  with  zinc  ores  of  tne  Saucon  valley,  Lehigh  Co.,  Pa.;  at  the 
Suidford  iron-ore  bed,  Morian,  N.  Y. 

TRONA.'   Urao. 

Monoclinic.    Axes  a  :  6  :  c  =  2-8460: 1:  2-9700;  fi  ^  IT  23'. 
00,    001  A  100  -  77**  23'. 


cOy     001  A  Til  =  75**  53i'.  ^^ 

00",  111  A  111  -  AT  35i'. 


Often  fibrous  or  columnar  massive. 

Cleavage:  a  (100)  perfect;  o  (111) ;  c  (001)  in  traces. 
Fracture  imeven  to  subconchoidal.      H.  =  2-5-3. 
G.  =  2-11-2-14.    Luster  vitreous,  glistening.    Color 
gray    or    yellowish    white.      Translucent.      Taste    alkaline.    Optically—. 
Index,  1*507. 

Comp.  —  Na8CO«.HNaCO«.2H20  or  3Na4O.4COs.5H2O  =  Carbon  diox- 
ide 38-9,  soda  41-2,  water  19-9  =  100. 

Chatard  established  the  above  composition  for  urao,  and  showed  that  trona,  sometimes 
called  "sesquicarbonate  of  soda,"  is  an  impure  form  of  the  same  compound. 

Pyr.,  etc.  —  In  the  closed  tube  yields  water  and  carbon  dioxide.  B.B.  imparts  an 
intensely  yellow  color  to  the  flame.  Soluble  in  water,  and  effervesces  with  acids.  Reacts 
alkaline  with  moistened  test-paper. 

Obs.  —  Found  in  the  province  of  Fezzan,  Africa,  forming  thin  superficial  crusts;  Nar- 
troun  lakes,  E^rpt;  from  Vesuvius;  at  the  bottom  of  a  lake  at  La^unilla,  Venezuela. 
Efflorescences  of  trona  occur  near  the  Sweetwater  river.  Rocky  Mountains.  An  extensive 
bed  in  Churchill  Co.,  Nev.  In  fine  crystals  at  Borax  Lake,  San  Bernardino  Co.,  Cal.,  with 
hanksite,  ^auberite,  thenardite,  etc. 

Hydromagnesite.  Basic  magnesium  carbonate,  3MgCOi.Mg(OH)s.3H/>.  Crystals 
small,  tufted.  Also  amorphous;  as  chalky  crusts.  Color  and  streuc  white.  Index,  1*530. 
Often  occurs  with  serpentine;  thus  at  Hrubschtttz,  in  Moravia;  at  Kraubat,  Stsrria,  etc. 
Also  similarlv  near  Texas,  Pa.;  Hoboken.  N.  J.  Material  closely  similar  from  salme  crusts 
on  lava  at  Alpharotea,  Santorin  Island,  has  been  called  giorgioaite. 

Hvdrogiobertite.  MgCOs.Mg(OH)i.2HsO.  In  h^t  msr  spherical  forms.  From  the 
neighborhood  of  PoUena,  Italy.    Deposited  from  Phimps  Spring,  Napa  Co.,  Cal. 

Artinite.  MgCOs.Mg(OH)i.3HsO.  Orthorhombic.  Radiatins  fibrous.  H.  » 20. 
G.  »  2-0.  White.  /3  »  1*54.  From  Val  Latema  and  Emarede,  Yal  Aosta,  Piedmont, 
Italy. 

Lansfordite.  3MgCO|.Mg(OH)i.21H/).  Biaxial  -.  Indices,  1'42-1'503.  Occurs  as 
small  stalactites  in  the  anthracite  mine  at  Nesquehoning  near  Lansford,  Schuylkill  Co., 
Pa.;  changed  on  exposure  to  nesquehonite. 

Brugnatellite.  MKCOi.5Mg(OH)s.Fe(OH),.4HiO.  Micaceous,' lamellar.  Perfect  cleav- 
age. Color  fiesh-pinK.  <a  -  1*53.  Found  in  an  old  asbestos  mine  at  Torre  Santa 
Maria,  Val  Malenoo,  Lombardy,  Italy. 

GAjrrE.  A  basic  hydrous  calcium,  magnesium  carbonate.  Rhombohedral  cleavage. 
Granular  structure.  H.  =  3*5.  G.  «  2-62.  Color,  white.  Strong  birefringence.  Foimd 
near  PleSce,  in  the  district  Grorskikotar,  Croatia. 

Stichtite.  2MgCO«.5Mg(OH)i.2Cr(OH),.  Micaceous.  In  scales.  G.»  216.  Color 
lilac.  Optically  imiaxial  or  feebly  biaxiu.  Optically  — .  Index,  1*54.  An  alteration 
product  of  serpentine  from  Dundas,  Tasmania. 

Zaratite.  Emerald  Nickel.  NiCO|.2Ni(OH)s.4HsO.  Inmammillary  incrustations;  also 
massive,  compact.  Color  emerald-green.  Occurs  on  chromite  at  Texas,  Lancaster  Co., 
Pa.;  at  Swinaness,  Unst,  Shetland;  Igdlokimguak,  Greenland. 

RemJnctonite.  A  hydrous  cobalt  carbonate.  A  rose-colored  incrustation,  soft  and 
earthy,    from  a  copper  mine  near  Finksburg,  Carroll  Co.,  Md.;  Boleo,  Lower  Cahfomia. 
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Teiigerite.  A  supposed  yttrium  carbonate.  In  white  pulverulent  ooatin|pi.  On  gado- 
linite  at  Ytterby,  Sweden.  A  similar  mineral  is  associated  with  the  gadolmite  of  LlaDo 
Co.,  Tex. 

Bismutite.  A  basic  bismuth  carbonate,  perhaps  Bi^«.GOi.H«0.  Incrusting,  or  earthy 
and  pulverulent:  amorphous.  G.  =*  6*86r-6*9  Breith.:  7*67  Rg.  Color  white/  green,  yel- 
low and  ^y.  Index,  2*25.  Occurs  in  Germany,  at  ochneeberg  and  Johanngeor^nertadt, 
with  native  bismuth,  and  at  Joachimstal,  Bohemia.  In  the  United  States,  in  S.  C,  at 
Brewer's  mine;  in  Gaston  Co.,  N.  C. 

Uranothallite.  2CaCOs.U(COt)s.lOHiO.  In  scaly  or  granular  crsrstalline  aggregates. 
Color  siskin-green.    Occurs  on  uraninite  at  Joachimstal,  Bohemia. 

Liebigite.  A  hydrous  carbonate  of  uranium  and  calcium.  In  mammillary  concretions, 
or  thin  coatings.  Color  apple-green.  Occurs  on  uraninite  near  Adrianopie,  Turkey;  also 
Johanngeorgenstadt,  Germany,  and  Joachimstal,  Bohemia. 

Vofdite.  A  hydrous  carbonate  of  uranium,  calcium  and  copper.  In  aggregations  of 
crystaUine  scales.  Color  emerald-green  to  bri^t  grass-green.  From  the  ECas  mine,  near 
Joachimstal,  on  uraninite,  Bohemia. 


Oxygen  Salts 
2.  SILICATES 


The  Silicates  are  in  part  strictly  anhydrous,  in  part  hydrous,  as  the  zeolites 
and  the  amorphous  clays,  etc.  Furthermore,  a  large  number  of  the  silicates 
yield  more  or  less  water  upon  ignition,  and  in  many  cases  it  is  known  that  they 
are,  therefore,  to  be  regarded  as  basic  (or  acid)  sUicates.  The  line,  however, 
between  the  strictly  anhydrous  and  hydrous  silicates  cannot  be  sharply  drawn, 
since  with  many  species  which  yield  water  upon  ignition  the  part  played  by 
the  elements  forming  the  water  is  as  yet  uncertain.  Furthermore,  in  the  cases 
of  several  groups,  the  strict  arrangement  must  be  deviated  from,  since  the 
relation  of  the  species  is  best  exhibited  by  introducing  the  related  hydrous 
species  immediately  after  the  others. 

This  chapter  closes  with  a  section  including  the  Titanates,  Silico-titanates, 
Titano-niobates,  et-c.,  which  connect  the  Silicates  with  the  Niobates  and 
Tantalates.    Some  Titanates  have  already  been  included  among  the  Oxides. 


Section  A.  Chiefly  Anhydrous  Silicates 

I.  Disilicates,  Polysilicates 

n.  Metasilicates 

m.  Orthosilicates 

IV.  Subsilicates 

The  DisiLiCATES,  RSisOs,  are  salts  of  disilicic  acid,  H2Sis06,  and  have  an 
oxygen  ratio  of  siUcon  to  bases  of  4  :  1,  as  seen  when  the  formula  is  written 
after  the  dualistic  method,  R0.2Si02. 

The  Polysilicates,  RsSiaOs,  are  salts  of  polysilicic  acid,  H4Si308,  and 
have  an  oxygen  ratio  of  3  :  1,  as  seen  in  2R0.3Si02. 

The  Metasilicates,  RSiOs,  are  salts  of  metasiUcic  acid,  H2Si0s,  and  have 
an  oxygen  ratio  of  2  : 1.    They  have  hence  been  called  bmlicates. 

The  Orthosilicates,  R2Si04,  are  salts  of  orthosilicic  acid,  H4Si04,  and 
have  an  oxygen  ratio  of  1  :  1.  They  have  hence  been  called  unisilicates.  The 
majority  of  the  silicates  fall  into  one  of  the  last  two  groups. 
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Furthermore,  there  are  a  number  of  species  characterized  by  an  oxygen 
ratio  of  less  than  1  :  1,  e.g.,  3  :  4,  2  :  3,  etc.  These  basic  species  are  grouped 
as  SuBSiLiCATES.  Their  true  position  is  often  in  doubt;  in  most  cases  they 
are  probably  to  be  regarded  as  basic  salts  belonging  to  one  of  the  other  groups. 

The  above  classification  cannot,  however,  be  carried  through  strictly,  since 
there  are  many  species  which  do  not  exactly  conform  to  any  one  of  the  groups 
named,  and  often  the  true  interpretation  of  the  composition  is  doubtful. 
Furthermore,  within  the  limits  of  a  single  group  of  species,  connected  closely 
in  all  essential  characters,  there  may  be  a  wide  variation  in  the  proportion  of 
the  acidic  element.  Thus  the  tricllnic  feldspars,  placed  among  the  polysili- 
cates,  range  from  the  true  polysilicate,  NaAlSisOs,  to  the  orthosiUcate, 
CaAl2Si208,  with  many  intermediate  compounds,  regarded  as  isomorphous 
mixtures  of  these  extremes.  Similarly  of  the  scapolite  group,  which,  how- 
ever, is  included  among  the  orthosiUcates,  since  the  majority  of  the  compounds 
observed  approximate  to  that  type.    The  micas  form  another  example. 

I.  Disilicates,  RSi205.    Polysilicates,  B^SiaOg 

PETALITE. 

Monoclinic.  Crystals  rare  (castorUe) .  Usually  massive,  foliated  cleavable 
(petalite). 

Cleavage:  c  (001)  perfect;  o  (201)  easy;  z  (S05)  difficult  and  imperfect. 
Fracture  imperfectly  conchoidal.  Brittle.  H.  =  6-€-5.  G.  =  2-39~2*46. 
Luster  vitreous,  on  c  (001)  pearly.  Colorless;  white,  gray,  occasionally  reddish 
or  greenish  white.  Streak  uncolored.  Transparent  to  translucent,  a  = 
1-504.    p  =  1-510.    7  =  1-516. 

Comp.  —  LiAl(Si206)2  or  Li20.Al208.8Si02  =  SiUca  78*4,  alumina  167, 
lithia,  4-9  =  100. 

Pvr.^  etc.  —  Gently  heated  emits  a  blue  phosphorescent  light.  B.B.  fuses  quietly  at 
4  ana  gives  the  reaction  for  lithia.  With  borax  it  forms  a  clear,  colorless  glass.  Not  acted 
on  by  acids. 

Obs.  —  Petalite  occurs  at  the  iron  mine  of  Utd,  Sweden,  with  lepidoUte,  tourmaline, 
spodumene,  and  quartz;  on  Elba  (castorile).  In  the  United  States,  at  Bolton,  Mass.,  with 
scapolite;  at  Peru,  Me.,  with  spodumene  in  albite.  The  name  'peUdile  is  from  rrhotKop^  a 
Uafy  alluding  to  the  cleavage. 

Milarite.  HKCasAlil'SisOOe.  In  hexagonal  prisms.  H.  »  5'5-6.  G.  »  2'55-2'59. 
Colorless  to  pale  green,  ^assy.     From  Val  Giuf,  urisons,  Switzerland. 

Budidymite.  HNaBeSiiOs.  Monoclinic.  In  white,  glassy,  twinned  crystals,  tabular  in 
habit.  H.  =6.  G.  =  2*553.  Optically  +•  Indices,  1  "545-1 '551.  Occurs  very  spar- 
ingly in  dffiolite-syenite  on  the  island  Ovre-Aro,  in  the  Langesimdfiord,  Norway;  from  N'ar- 
sarsuk.  Greenland. 

Epididymite.  Same  composition  as  eudidymite.  Orthorhombic.  Tabular  ||  c  (001). 
Cleavage,  6(010)  and  c(OOl),  perfect.  H.  =  5*5.  G.  =  3*55.  Optically  -.  Indices, 
1 '565-1 'SiSQ.    Narsarsuk,  Greenland. 

RivAiTE.  (Ca,Na2)Si206.  Monoclinic?  In  fibrous  ag^egates.  H.  =  5.  G.  =  2 '65. 
Color,  pale  lavender  to  dark  blue.  Fibers  show  parallel  extmction  with  positive  elongation. 
Easily  f  uable.    Insoluble  in  hydrochloric  acid.    Found  in  loose  nodules  on  Vesuvius. 
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Feldspar  Group 

a.  Monodinic  Sectiim 

a  :b  :c  ^ 

Orthoclase  KAlSijOs  0-6585  :  1  :  05554         116^    S' 

\oda-Orthoclafle        I  (K,Na)  AlSUOg 
boda-urtnociase        |  (Na,K)  AlSi^Og 

Hyalophane  (Kj,Ba)Al,Si40ia       06584  :  1  :  05512         115"*  35' 

Celsian  BaAljSiaOg  0657    :  1  :  0554  115^    2^ 

/9.  Tddinic  Section 
Microcline  KAlSuOg 

Soda-microcline  (K,Na)AlSi808 

Anorthodase  (Na,K)AISi«08 

Albite-anorthite  Series.    Plagioclase  Feldspars 

a  :b  :c  a  fi  y 

Albite  NaAlSiaOg  06335: 1:0-6577      94°    3'     116°  29'    88^    ^ 

Oligoclase 

Andesine 


0-6321: 1:0-5524      93°    4'     116°  23'     90°    5' 

(mCaAultoO  ^^^^^ '  ^ '  °^^^^      ^^°  ^^'     ^  ^^°  ^^'    *^°  ^^' 

0-6377:1:0-5547      93°  31'     116°    3'     89°  54^' 


Labra- 

dorite 
Anorthite    CaAUSijOs  06347 : 1 : 05501      93°  13'     1 15°  55'    91°  12' 

The  general  characters  of  the  species  belongiiig  in  the  Feu^bpab  Group 
are  as  follows: 

1,  CrystaRization  in  the  monoclinic  or  triclinie  systems,  the  crj^tals  of  the 
different  species  resembling  each  other  closely  in  angle,  in  general  habit,  and 
in  methods  of  twinning.  The  prismatic  angle  in  all  cases  differs  but  a  few 
degrees  from  60°  and  120°. 

2,  Cleavage  in  two  similar  directions  parallel  to  the  base  c  (001)  and  clino- 
pinacoid  (or  brachypinacoid)  6  (010),  inclined  at  an  angle  of  90°  or  nearly  90°. 
3,  Hardness  between  6  and  6*5.  4,  Specific  Gravity  varying  between  2-5  and 
2*9,  and  mostly  between  2*55  and  2*75.  5,  Colm'  white  or  pale  shades  of 
yellow,  red  or  green,  less  commonly  dark.  6,  In  composition  silicates  of  alu- 
minium with  either  potassium,  sodium,  or  calcium,  and  rarely  barium,  while 
magnesium  and  iron  are  always  absent.  Furthermore,  besides  the  several 
distinct  species  there  are  many  intermediate  compounds  having  a  certain 
independence  of  character  and  yet  connected  with  each  other  by  insensible 
grad^ions;  all  the  members  of  the  series  showing  a  close  relationship  not  only 
in  composition  but  also  in  crystalline  form  and  optical  characters. 

The  species  of  the  Feldspar  Group  are  classified,  first  as  regards  form,  and 
second  with  reference  to  composition.  The  monoclinic  species  include  (see 
above) :  Orthoclase,  potassium  feldspar,  and  Soda-orthoclase,  potassium- 
sodium  feldspar;  also  Hyalophane  and  Celsian,  barium  feldspars. 

The  tridinic  species  include:  Microcline  and  Anorthoclase,  potassium- 
sodium  feldspars;   Albite,  sodium  feldspar;   Anorthite,  calcium  feldspar. 

Also  intermediate  between  albite  and  anorthite  the  isomorphous  sub- 
species, sodium-calcium  or  calcium-sodium  feldspars:  Oligoclase,  Andesine, 
Labradorite. 
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oc  MoDodioic  Section 


ORTHOCLASB. 

Monoclinic. 

767 


Axes  a  :b  :c  —  0*6585 
768 


1  :  0-5554;  jS  =  63^  57'. 
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001  A  021  «  44^ 
021  A  (Si  =  89° 
001  A  110  -  67° 
001  A  111  -  66° 


56J'. 
53'. 
47'. 
14i'. 


no  A  110  =  61°  13'. 
130  A  I30  =  68°  48'. 
001  A  TOl  «  50°  16i'. 
OOa  A  501  =  80°  18'. 

Twins:  tw.  pi.  (1)  a  (100),  or  tw.  axis  c,  the  common  Carlsbad  twins, 
either  of  irregular  penetratiom  (Fig.  772)  or  contact  type;  the  latter  usually 
with  h  (010)  as  composition-face,  often  then  (Fig.  773)  with  c  (001)  and 
X  (TOl)  nearly  in  a  plane,  but  to  be  distinguished  by  luster,  cleavage,  etc. 
(2)  n  (021),  the  Baveno^twins  forming  nearly  square  prisms  (Fig.  774),  since 
en  =  44*^  56J',  and  hence  cc  =  89°  53';  often  repeated  as  fourlings  (Fig.  447, 
p.  171)j:also  in*8quare  prisms,  elongated  ||  a  axis.     (3)  c  (001),  the  Manebach 
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twins  (Pig.  775),  usually  contact-twins  with  c  as  comp.-face.  Also  other  rarer 
laws. 

Crystals  often  prismatic  |  c  axis;  sometimes  orthorhombic  in  aspect  (Pig. 
770)  since  c  (001)  and  x  (lOl)  are  inclined  at  nearly  equal  angles  to  the  vertical 
axis  ;  also  elongated  ||  a  axis  (Fig.  771)  with  b  (010)  and  c  (001)  nearly  equally 
developed;  also  thin  tabular  ||  b  (010):  rarely  tabular  |1  a  (100),  a  face  not 
often  observed.  Often  massive,  coarsely  cleavable  to  granular;  sometimes 
lamellar.     Also  compact  crypto-crystalline,  and  flint-like  or  jasper-like. 

Cleavage:  c  (001)  perfect;  6  (010)  somewhat  less  so;  prismatic  m  (110) 
imperfect,  but  usually  more  distinct  parallel  to  one  prismatic  face  than  to  the 
other.  Parting  sometimes  distinct  parallel  to  a  (100),  also  to  a  hemi-ortho- 
dome,  inclined  a  few  degrees  to  the  orthopinacoid;  this  may  produce  a  satin- 
like luster  or  schiller  (p.  251),  the  latter  also  often  present  when  the  parting 
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is  not  distinct.  Fracture  conchoidal  to  uneven.  Brittle.  H.  =6.  G.  — 
2'57.  Luster  vitreous;  on  c  (001)  often  pearly.  Colorless,  white,  pale  ydlow 
and  flesh-red  common,  gray;  rarely  green.    Streak  uncolored. 

Optically  negative  in  all  cases  (Fig.  776).  Ax.  pi.  usually  J.  6  (010), 
sometimes  1 1  b,  ^so  changing  from  the  former  to  the  latter  on  increase  of  tem- 
perature (see  p.  297).    For  adidaria  Bxa.r  A  c  axis  =  —  69°  11',  Bx^u  A 

c  axis  =  —69*^37'.  Hence  Bxa  and  the^xtinction- 
direction  (Fig.  776)  inclined  a  few  d^;rees  only 
to  a  axis,  or  the  edge  b/c;  thus +3**  to +7® 
usually,  or  up  to  +10*^  or  +12**  in  varieties  rich 
in  Na20.  Dispersion  p  >  v;  also  horizontal, 
strongly  marked,  or  inclined,  according  to  position 
^  of  ax.  pi.  Axial  angles  variable.  Birefringence 
low,  7  -  a  =  0-007  -  0*005.    For  adularia 

oy  =  1-5190,      tiy  =  1 -5:^37,     7y  =  1S260. 
.-.  2Vy  =  69**  43',    2Ey=  121*»  6'. 

Comp.  —  A  silicate  of  aluminium  and  potas- 
sium, KAlSijOs  or  K,O.AliQs.6SiOt  =  SiUca 
64-7,  alumina  18-4,  potash  16-9  =  100.  Sodium 
is  often  also  present,  replacing  part  of  the  potaissium,  and  sometimes  exceeds  it 
in  amount;  these  varieties  are  embraced  under  the  name  sodarorthoclase 
(the  name  barbierite  has  been  proposed  for  this  material  whose  existence,  as  a 
distinct  though  rare  mineral,  seems  to  have  been  proven). 

Var.  —  The  prominent  varieties  depend  upon  crystalline  habit  and  method  of  occur- 
rence more  than  upon  difference  of  composition. 

1.  Adularia,  The  pure  or  nearly  pure  potassium  silicate.  Usually  in  crystals,  like 
Fig.  770  in  habit;  often  with  vicinal  planes;  Baveno  twins  common.  G.  ««  2*565.  Irans- 
parent  or  nearly  so.  Often  with  a  pearly  opalescent  reflection  or  schiller  or  a  delicate  play 
of  colors;  some  moonstone  is  here  included,  but  the  remainder  belonm  to  albite  or  other  of 
the  triciinic  feldspars.  The  original  adularia  (Adular)  is  from  the  St.  Gothard  region  in 
Switzerland.     ValencianiUj  from  the  silver  mine  of  Valencia,  Mexico,  is  adularia. 

2.  Sanidine  or  glassy  feldspar.  Occurs  in  crystals,  often  transparent  and  glassy, 
embedded  in  rhyolite,  trachyte  (as  of  the  Siebengebiree,  Germany),  phonolite,  etc.  Habit 
often  tabular  ||  o  (010)  (hence  named  from  o-ovis,  a  iabletf  or  board) ;  also  in  square  prisms 
(6,  c) ;  Carhbad  twins  common.  Most  varieties  contain  sodium  as  a  prominent  constituent, 
and  hence  bdong  to  the  soda-orthoclase.  Natronsanidine  is  a  sanidine-like  soda-ortho- 
dase  from  a  soda liparite  from  Mitrowitza,  Servia. 

Rhyacolite,  Occurs  in  glassy  crystals  at  Monte  Somma,  Vesuvius;  named  from  pvo^, 
stream  (lava  stream). 

3.  Isoihose  is  said  to  be  a  variety  having  a  different  optical  orientation  than  normal 
orthoclase. 

4.  Ordinary,  In  crvstals,  Carlsbad  and  other  twins  common;  also  massive  or  deavable, 
varying  in  color  from  white  to  pale  yellow,  red  or  green,  translucent;  sometimes  aventurine. 
Here  belongs  the  common  feldspar  of  granitoid  rocks  or  granite  veins.  Usually  contains  a 
greater  or  less  percentage  of  soda  (soda-orthoclase).  Compact  cryptocrystalline  orthoclase 
makes  up  the  mass  of  much  felsite,  but  to  a  greater  or  less  degree  admixed  with  quartz;  of 
various  colors,  from  white  and  brown  to  deep  red.  Much  of  what  has  been  called  ortho- 
clase, or  common  potash  feldspar,  has  proved  to  belong  to  the  related  triciinic  species, 
microcline.  Cf.  p.  461  on  the  relations  of  the  two  species.  Chesterlite  and  Amazon  stone 
aremicrocline;  also  most  aventurine  orthoclase.  Z/oxocZo^e  contains  sodium  in  considerable 
amoimt  (7*6  Na«0);  from  Hammond,  St.  Lawrence  Co.,  N.  Y.  Murchisonite  is  a  flesh- 
red  feldspar  similar  to  perthite  (p.  460),  with  gold-yellow  reflections  in  a  direction  X  b  (010) 
and  nearly  parallel  to  701  or  SOl  (p.  457) ;  from  Dawlish  and  Exeter,  Enfldand. 

The  spheruUties  noted  in  some  volcanic  rocks,  as  in  the  rhvolite  of  Obsidian  Cliff  in  the 
Yellowstone  Park,  are  believed  to  consist  essentially  of  orthoclase  needles  with  quartz. 
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Pyr^  etc  —  B.B.  fuses  at  5;  varieties  containing  much  soda  are  more  fusible.  Loxo' 
dase  fuses  at  4.  Not  acted  upon  by  acids.  Mixed  with  powdered  gypsum  and  heated 
B.  B.  gives  violet  potassium  flame  visible  through  blue  ^ass. 

Djfi.  —  Characteriied  bj;  its  crystalline  form  and  the  two  cleavMes  at  right  angles  to 
eachother;  harder  than  bariteond  calcite' not  attackedby  acids;  difficultly  fusible.  Mas- 
sive corundum  is  much  harder  and  has  a  hisber  specific  gravity. 

Micro.  — -  Diatinguiahed  in  rock  aectiona  oy  its  low  refraction  (low  relief)  and  lowjinter- 
ference-coloi?,  which  last  scarcely  rise  to  white  of  the  first  order  —  hence  lower  than  those 
of  (]uartE;  also  by  its  biaxial  character  in  convcreent  ti^t  and  by  the  distinct  cleavag^. 
It  is  colorless  in  ordinary  light  and  may  be  limpid,  but  is  frequently  turbid  and  browmsh 
from  the  presence  of  very  minute  scales  of  kaolin  due  to  alteration  from  weathering;  this 
change  is  especially  common  in  the  older  granular  rockSj  as  granite  and  gneiss. 

Aitif.  —  Orthoclase  has  not  bepn  produced  artificiallj;  by  the  methods  of  dry  fusion. 
It  can,  however,  be  crystaUiied  from  a  dry  melt  when  certain  other  substances,  tike  tungstio 
acid,  alkaline  phosphates,  etc.,  are  added.  The  function  of  these  additions  in  the  reactions 
is  not  clear.  Orthoclase  is  more  easily  formed  by  h^drochemical  methods.  It  has  been 
produced  by  heating  gelatinous  silica,  alumina,  caustic  potash  and  water  in  a  sealed  tube. 
Orthoclase  has  also  been  formed  by  heating  potassium  silicate  and  water  together  witji 
muscovite. 

Obs.  —  Orthoclase  in  ite  several  varieties  belongs  eepeciallv  to  the  crystalline  rocks, 
occurrinK  as  an  essentia!  constituent  of  granite,  ^eiss,  syenite,  also  porphyry,  further  (var,, 
aanujiite)  trachyte,  phonolite,  etc.  In  the  massive  granitoid  rocks  it  is  seldom  in  distinct, 
well-formed,  separable  crystals,  except  in  veins  and  cavities;  such  crystals  are  more  com- 
mon, however,  m  volcanic  rocloi  like  trachyte. 

Adviaria  occurs  in  the  crystalline  rocks  of  the  central  and  eastern  Alps,  associated  with 
smoky  quarti  and  albitc,  also  titanite.  apatite,  etc.:  the  crystals  are  often  coated  with 
chlorite;  also  on  Elba.  Fine  crystals  of  orthoclase,  often  twinsj  are  obtained  from  Bavcno, 
Lako  Maggiore,  Italy;  the  iieimstal,  Tyrol,  Austria,  a  red  vanety;  Bodenmois,  Carlsbad, 
and  Elbogen  in  Bonemia;  Striegau,  etc.,  in  Silesia.  Also  Arendal  in  Norway,  and  near 
Shaitansk  in  the  Ural  Mts.;  Land's  End  and  St.  Agnes  in  Cornwall;  the  Moume  Mte., 
Ireland,  with  beryl  and  topas.     From  Tamagama  Vama,  Japan,  with  topaz  and  smoky 

Juartc.  Moontlone  ia  brought  from  Ceylon.  Crystals  of  gem  quality  from  Itrongahy, 
ladagascar.  Yalencianile  from  Guanajuato,  Mexico.  Crystals  from  Egsnville,  Ontario. 
In  the  United  States,  orthoclase  is  common  in  the  crystalline  rocks  of  New  England,  also 
(rf  States  south,  further  Colorado,  California,  etc.  Thus  at  the  Paris  tourmaline  locality. 
Me,  In  N,  H.,  at  Acworth,  In  Mass.,  at  South  IWaiston  and  Barre.  In  Conn.,  at 
Haddam  and  Middletown,  in  large  coarse  crystals.  In  N.  Y.,  in  St.  Lawrence  Co.,  at 
ResBie;  at  Hammond  (ifu^cc^e);  m  Lewis  Co.,  in  white  limestone  near  Natural  Bridge;  at 
Amity  and  EdenviUe.  In  Pa.,  in  ciystals  at  Leiperville,  Mineral  Hill,  Delaware  Co.;  sun- 
atone  in  Kennett  Township.  In  N.  C.,  at  Washington  Mine,  Davidson  Co.  In  Col.,  at  the 
Bununit  of  Mt.  Antero,  Cbaifee  Co.,  in  fine  crystals,  often  twins;   at  Gunnison;   Black 
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H&wk;  Kokomo,  Summit  Co.,  Robinson,  also  at  other  points.  Also  simikri]'  in  Ner.  and 
Cal.     I^rge  twin  cryatalB  from  Bairinger  Hill,  Llano  Co.,  Texas. 

Altei.  —  Ortfaocutse  is  frequently  altered,  especiallv  through  the  action  of  carbonated  or 
alkaline  waters;  the  &nal  result  is  often  the  removal  of  the  potash  and  the  ftmnation  of 
kaolin.  Steatite,  talc,  chlorite,  leucite,  mica,  lauinontite,  occur  as  paeudomorpha  after 
orthoclasei  and  casBiterite  and  calcite  oft«n  replace  these  fddspara  by  some  process  of  solu- 
tion and  substitution. 

Use,  —  In  the  manufacture  of  porcelain,  both  in  the  body  of  the  ware  and  in  the  ^a<e 
on  its  surface. 

pKBTaiTE.  As  first  described,  a  flesh-red  aventurine  feldspar  from  Perth,  Ontario, 
Canada,  called  a  soda-orthoclase,  but  shown  by  Gerhard  td  consist  of  in terlami  Dated  ortho- 
clase  and  albite.  Many  similar  occurrences  Have  since  been  noted,  as  also  those  in  which 
microcline  and  albite  are  similarly  interlaminated,  the  latter  called  muTodine-perthiU,  or 
niicrocline-albite-perthite:  this  is  true  in  part  of  the  original  perthite.  When  the  structure 
is  discernible  only  with  tne  help  of  the  microscope  it  is  callod  mieroptrlhiie.  Brogger  has 
investigated  not  only  the  microperthit€B  of  Norway,  but  also  other  feldspars  charactemed 
by  a  marked  schiller ;  he  assumes  the  existence  of  an  extremely  fine  interlamination  of  albite 
and  orthoclase  ||  SOI,  not  discernible  by  the  microscope  (cryptoperthite),  and  connected 
with  secondary  planes  of  parting  j|  100  or  |{  SOl,  which  is  prolubly  to  be  explained  as  due  to 
incipient  alteration. 

Hyalophans.  (Ki,Ba)Al,(8iOi)t  or  KiO.Ba0.2AliO|.8SiOi.  Silica  SIQ.  alumina  21-9, 
baryta  16'4  potash  lO'l  '  100.  In  crystals,  like  adularia  in  habit  (Fig.  770,  p.  457);  also 
massive.  Cleavage:  c  (001)  perfect;  b  (010)  somewhat  less  so.  H.  -  6-65.  G.  -^  2-805. 
Optically  — .  a  =  1-542.  g  =  154S.  t  =  1-547.  Occurs  in  a  granular  dolomite  in  the 
Bmnentel,  Switierland;  also  at  the  manganese  mine  of  Jakobeberg,  Sweden.  Some  othra 
feldspars  containing  7  to  15  p.  c.  BaO  have  been  described. 

Celsion.  BaAljSitOi,  similar  in  composition  to  anortlut«,  but  containing  barium  in- 
stead of  calcium.  Monoclinic.  In  crystals  showii^  a  number  of  forms;  twinned  according 
to  Carlsbad,  Manebach  and  Baveno  laws.  Usually  cleavable  massive.  H.  —  6-6'5. 
G.  =  3-37.  Extinction  on  6  (010)  -  28°  3'.  Colorless.  Optically  +  .  a  =  1-584.  p- 
1-589.  y  =  1'594.  "From  Jakobeberg,  Sweden.  Name  6arv(a-orMoe^ase  given  to  mixtures 
of  cdaian  and  orthoclase.    ParaeeUian  from  Candoglia,  Piedmont,  Italy,  is  the  same  species. 

0.  TricUnic  Section 
laCROCLINE. 

Triclinic.     Near  orthoclase  in  angles  and  habit,  but  the  angle  be  (010  A 
_.  001)   =    about    89"     SO*.       Twins:     like 

orthoclafie,  also  polysynthetic  twinning 
according  to  the  albite  and  pericline  laws 
(p.  464),  common,  producing  two  series  of 
fine  lamellse  nearly  at  right  angles  to  each 
other,  hence  the  characteristic  grating- 
structure  of  a  basal  section  in'  polarized 
hght  (Fig.  779).  Also  massive  cleavable 
to  granular  compact. 

Cleavage:  c(001)  perfect; 6 (010)  some- 
what less  so;  Af  (iTO)  sometimes  distinct; 
m  (110)  also  sometimes  distinct,  but  less 
easy.  Fracture  uneven.  Brittle.  H.  =  6-65.  G.  =  2'54r-2-57.  Luster 
vitreous,  on  c  (001)  sometimes  pearly.  Color  white  to  pale  cream-yellow, 
also  red,  green.  Transparent  to  translucent.  Optically  — .  Ax.  pi.  nearly 
perpendicular  (82''-83'')  to  b  (010).  Bxo  inchned  15°  26'  to  a  normal  to  6 
(OlO).  Dispersion  p  <  v  about  Bxo.  Extinction-angle  on  c  (001),  -j-lS" 
30';  on  b  (010),  +5°  to  6"  (Fig.  784,  p.  462).  Optically  -.  a  -=  1-522. 
$  =  1-526.     T  =  1-530.     2  V  =  83°. 
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The  essential  identity  of  orthodase  and  microdine  has  been  ursed  by  Mallard  and 
Michel-L6vy  on  the  ^und  that  the  properties  of  the  former  would  bdong  to  an  aggregate 
of  submicroscopic  twuming  lamella  of  the  latter,  according  to  the  albite  and  pericline  laws. 

Comp.  —  Like  orthoclase,  KAlSiaOs  or  KaO.AlaOa.GSiOj  =  Silica  647, 
alumina  18*4,  potash  16*9  =  100.  Sodium  is  usually  present  in  small  amount: 
sometimes  prominent,  as  in  sodarmicrocUne. 

Pyr.  — '-  As  for  orthoclase. 

Diff.  —  Resembles  orthoclase  but  distinguished  by  optical  characters  (e.g.,  the  gratine 
structiure  in  polarized  light.  Fig.  779);  also  often  shows  nne  twinningnatriations  on  a  bassu 
surface  (albite  law). 

Ifticro.  —  In  thin  sections  like  orthoclase  but  usually  to  be  distinguished  by  the  grating- 
like structiure  in  polarized  light  due  to  triclinio  twinning. 

Obs.  —  Occurs  imder  the  same  conditions  as  much  common  orthoclase.  The  beautiful 
amazansUme  from  the  Ural  Mts.,  also  that  occurring  in  fine  groups  of  liu-ge  crystals  of  deep 
color  in  the  granite  of  Pike's  Peak,  Col.,  is  microchne.  Crystals  from  Ivigtut,  Greenland. 
From  Antsongombato  and  Antoboko  (ama^onstone),  Madagascar.  Chesterlite  from  Poor- 
house  quarry,  Chester  Co.,  Pa.,  and  the  aventurine  feldspar  ofMineral  Hill,  Pa.,  belong  here. 
A  pure  variety  occurs  at  Magnet  Cove,  Ark.  Ordinary  microcline  is  common  at  many  points. 

Use.  —  Same  as  for  orthoclase;  sometimes  as  an  ornamental  material  (amazonstone). 

Anorthodase.  Soda-microcline.  A  triclinic  feldspar  with  a  cleavaoe-angle,  6c.  010' A  001, 
varving  but  little  from  90^.  Form  like  that  of  the  ordinary  feldspars.  Twinning  as 
with  orthoclase;  also  polysynthetic  according  to  the  albite  and  pericline  laws;  but  in  many 
cases  the  twinning  laminse  yery  narrow  and  hence  not  distinct.  Rhombic  section  (see  p. 
462)  inclined  on  h  (010)  4""  to  6^  to  edge  b/c.  G.  »  2*57-2*60.  Cleavage,  hardness,  luster, 
and  color  as  with  other  members  of  the  group.  Optically  — .  Extinction-angle  on  c  (001; 
+5°  45'  to  +  2**;  on  b  (010)  6**  to  9.8^  Bxa  nearly  X  w  (201).  Dispersion  p  >  v;  hor- 
izontal distinct,  a  »  1*523.  jS  —  1*529.  y  »  1*531.  Axial  angle  variable  with  tem- 
perature, becoming  in  part  monoclinic  in  optical  symmetry  between  86^  and  264^  C,  but 
again  triclinic  on  cooling;  this  is  true  of  those  containing  httle  calcium. 

Chiefly  a  soda-potash,  feldspar  NaAlSisOs  and  KAlSitOg,  the  sodium  silicate  usually  in 
larger  proportion  (2  :  1,  3  : 1,  etc.),  as  if  consisting  of  albite  and  orthoclase  molecules,  ual- 
cium  (CaAlsSi/^s)  is  also  present  in  relatively  very  small  amoimt. 

These  trichnic  soda-potash  feldspars  are  chiefly  known  from  the  andesitic  lavas  of 
Pantelleria.  Most  of  these  feldspars  come  from  a  rock,  called  pantellerite.  Also  prominent 
from  the  augite-syenite  of  southern  Norway  and  from  the  ''Rnomben-porphyr ''  near  Chris- 
tiania.  Here  is  referred  also  a  feldspar  in  crystals,  tabular  J|  c  (001),  and  twinned  according 
to  the  Manebach  and  less  often  Baveno  laws  occurring  in  tne  lithophyses  of  the  rhyolite  of 
Obsidian  Cliff,  Yellowstone  Park.  It  shows  the  blue  opalescence  m  a  direction  parallel 
with  a  steep  orthodome  (cf.  p.  457). 

Albite-Anorthite  Series.    Ploffiodase  FMspara  * 

Between  the  isomorphous  species 

Albite  NaAlSi^Og  Ab 

Anorthite  CaAl2Si208  An 

there  are  a  nimiber  of  intermediate  subspecies,  regarded,  as  urged  by  Tscher- 
mak,  as  isomorphous  mixtures  of  these  molecules,  and  defined  according  to  the 
ratio  in  which  they  enter;  their  composition  is  expressed  in  general  by  the 
formula  AbiiAn«i.    They  are: 

Oliqoclabe  AbeAni  to  AbsAni 

,  Andesinb  AbjAni  to  AbiAni 

Labradorite  AbiAni  to  AbiAna 

and  Bytownite  AbiAn^  to  AbiAne 

From  albite  through  the  successive  intermediate  compounds  to  anorthite 
with  the  progressive  change  in  composition  (also  specific  gravity,  melting 

*  The  triclinic  feldspars  of  this  series,  in  which  the  two  cleavages  b  (010)  and  c  (001)  are 
obUque  to  each  other,  are  often  called  in  general  plagioclaae  (from  rXaywif  obliqiLe), 
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Placioclase  witb  twinning  lamelbe. 


points,  etc.)i  there  is  also  a  corresponding  change  in  crystallographic  form,  and 
ID  certain  fundamental  optica]  properties. 

Crystalline  Form.  The  axial  ratios  and  angles  given  on  p.  456  show  that 
these  triclinic  feldspars 
^proach  orthoclase  close- 
ly in  form,  the. most  ob- 
vious difference  being  in 
the  cleavage-angle  6c  010 
A  001,  which  is  90°  in 
orthoclase,  86°  24'  in  albite. 
and  85°  50'  in  anorthite. 
There  is  also  a  change  in 
the  axial  angle  7,  which  is 
88"  in  albite,  about  90°  in 
oligoclase  and  andesine. 
and  91°  in  anorthite.  This 
transition  appears  still 
i.  784).  ordin-  ™0'^  stnkmgly  m  the 
ary  light;  Fig.  78i  section  in  polari*"ed  light.  position  of  the  "rhombic 

section,"   by     which    the 
twins  according  to  the  pericUne  law  are  united  as  explained  below. 

TmnntTig.  The  plagioclase  feldspars  are  often  twinned  in  accordance 
with  the  Carlsbad,  Baveno,  and  Manebach  laws  common  with  orthoclase 
(p.  457).  Twinning  is  also  almost  universal  according  to  the  aSnle  law 
—  twinning  plane  the  brachypinacoid;  this  is  usually  polysynthetic,  i.e., 
repeated  in  the  form  of  thin,  lamellte,  giving  rise  to  fine  striations  on  the  basal 
cleavage  surface  (Figs.  780,  781).  Twinning  is  also  common  accordii^  to  the 
peridine  law  —  twinning  axis  the  macrodiagonal  axis  b;  when  polysynthetic 
this  gives  another  series  of  fine  striations  seen  on  the  brachypinacoid. 

The  compoeition-plane  in  this  peridine  twinning  is  a  plane  passing  through  the  crystal  in 
such  a  direction  that  its  intersections  with  the  prismatic  faces  and  the  brachvpinacoid  make 
equal  plane  anglnt  with  each  other.  The  poaition  of  this  rhombic  section  and  the  consequent 
direction  of  the  Btriations  od  the  brachypinacoid  chan^  rapidly  with  a  small  variation  in 
the  angle  y.  In  general  it  may  be  said  to  be  approximately  parallel  to  the  base,  but  in 
albite  it  is  inclined  backward  ( +,  Figs,  782  and  784)  and  in  anorthite  to  the  front  (-,  Fig. 
783);  for  the  intermediate  species  its  position  varies  progreeaively  with  the  oompooition. 
783 


Thus  for  the  angle  between  the  trace  of  this  plane  on  the  brachypinacoid  and  the  edge 
h/e,  we  have  for  Albite  +22°  to  +20°;  for  Oligoclase  +9°  to  +3i°;  for  Andesine  +1° 
to  -2°;  for  Labradorite  -9'  to  -10°;  for  Anorthite  -15°  to  -17°. 
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„  ..  .    -^  _o  to  the  basal  plane,  as  happens  in 

le  polyavntnetic  lamellae  then  show  promioently  in  a  ba^al  secticm, 

together  with  those  due  to  the  albite  twinning.     Hence  the  grating  structure  characteristic 

of  microline. 

Optical  Characters.  There 
is  also  a  progressive  change 
in  the  position  of  the  ether- 
axes  and  the  optic  axial 
plane  in  passing  from 
albite  to  anorthite.  This 
is  most  simply  exhibited  by 
the  position  of  the  planes 
of  l^ht-vibration,  as  observed 
in  sections  parallel  to  the 
two  cleavages,  basal  c  and 
brachy-pinacoidal  h,  in  other 
words  the  extinction-angle 
formed  on  each  face  with  the 
edge  b/c  (of.  Fig.  784). 

The  approximate  position 
of  the  ether-axes  for  the 
different  feldspars  ia  shown 
in  Fig.  785  (after  Iddings). 

The  axis  Z  does  not  vary  very  Projection  of  the  optical  directions  X,  Y  and  Z  upon 
much  from  the  zone  he,  6  (OlO)-  '.  Albite;  2,  Oligoclase;  3,  Andesme; 
010  A  001,  but  the  axis  X  ^'  Labradonte;  5,  Anorthite.  (After  Iddings.) 
varies  widely,  and  hence  the  axial  plane  has  an  entirely  different  position 
in  albite  from  what  it  has  in  anorthite.  Furthermore  albite  is  optically  poe- 
786 


Extinction  Angles  oo  (001)  and  (OIQ)  in  the  Lime-soda  feldspars.     (After  Iddings.) 
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itive,  that  is  Z  =■  Bx,  while  auorthite  is  negative  or  X  =  Bx;  for  certain 
andesines  the  axial  angle  is  sensibly  90°. 

Fig.  786  (alter  Iddings)  shows  the  variation  in  the  extinction  an^es  on 
the  cleavage  faces,  c  (001)  and  b  (010) ,  for  the  different  mixtures  of  the  tJbite 
and  anortbite  molecule. 

Micro.  —  In  rock  aectiona  the  plagiocUae  feldaparB  ftie  distinguiahed  by  their  lack  of 
color,  low  refractive  relief,  and  low  interference-colois,  which  in  DMd  sections  are  mainly 
dark  gray  and  scarcely  rise  into  white  of  the  first  order:  also  by  their  bia^dal  character  in 
convergina  light.  In  the  majority  of  cases  they  are  easily  t*)id  by  the  parallel  bands  or  fine 
IftT""!)!"  whicn  pass  through  them  due  to  the  multiple  twinning  according  to  the  albit« 
law;  one  set  of  bands  or  twin  lamellic  exhibits  in  general  a  different  interference-color 
from  the  other  (cf.  Fira.  780,  781).  They  are  thus  distinguished  not  only  from  quarts  and 
ortboclase,  with  whicn  they  are  often  associated,  but  from  all  the  common  rock-making 
minerals.  To  distinguish  ttie  different  species  and  aub-epecies  from  one  another,  as  albite 
from  laboradorite  or  andesine,  is  more  difficult.  In  sections  having  a  definite  orientation 
(II  c  (001)  and  |[  b  (010)  )  this  can  generally  be  done  by  determining  the  extinction  angles  (cf. 
p.  462  and  Fig.  784).  In  general  in  rock  sections  special  methods  are  required;  these  are 
discussed  in  the  various  texts  devoted  to  this  subject. 

:b:c  =  0-6335  :  1  :  05577;  «  =  94°  3',  ^  =  116°  29', 

6c,  010  A  001  -  86°  24'. 
mM,  no  A  110  =  59°  14'. 
6m,  010  A  110  =  60°  26'. 
cm,  001  A  110  -  65°  17'. 
cM.  001  A  iTO  -  69'  Iff. 
ex,     001  A  lOl  -.  62°  16'. 

Twins  as  with  orthoclase; 
also  very  common,  the  tw.  pi. 
6(010),  (Ubite  law  (p.  462), 
usually  contact-twins,  and 
polysynthetic,  consisting  of 
thin  lamellce  and  with  con- 
sequent fine  striations  on 
c(OOl)  (Fig.  790) ;  tw.  axis  b  axis,  peridine  law,  contact-twins  whose  compos- 
ition-face is  the  rhombic  section  {Figs.  782  and  792);  often  polysynthetic 
and  showing  fine  striations  which  on  b  (010)  __ 

are  inchned  backward  +22°  to  the  edge  b/c. 

Crystals  often  tabular  ||  b  (010);  also 
elongated  |[  b  axis  as  in  the  variety  pericline. 
Also  massive,  either  lamellar  or  granular;  the 
lamins  often  curved,  sometimes  divergent; 
granular  varieties  occasionally  quite  fine  to 
impalpable. 

Cleavage:  c(OOl)  perfect;  ft(OlO)  somewhat 
less  so;  m  (110)  imperfect.  Fracture  uneven 
to  conchoidal.  Brittle.  H.  =  6-65.  G.  = 
2-62-2-65.  Luster  vitreous;  on  a  cleavage 
surface  often  pearly.  Color  white;  also  occa- 
sionally bluish,  gray,  reddish,  greenish,  and 
green;    sometimes  hsvii^  a  bluish  opalescence 

or  play  of  colors  on  c  (001).  Streak  uncotored.  Transparent  to  sub- 
translucent. 
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Optically  +.    Extinction-angle  with  edge  6/c  =  +4®  30'  to  2®  on  c, . 
and  =  +20""  to  15°  on  6  (Fig.  782).    Dispersion  for  Bx.,  p  <  v;  also  in- 
clined, horizontal:   forBxo.  mi  900 
p   >  v;   inclined,    crossed. 
a=:  1-531.    ^=1-534.     7= 
1-640.     2V=  77°-      Bire- 
fringence weak,   7  —  a  = 
0009. 

Comp.  —  A  silicate  of 
aluminium     and     sodium,  Peridine 

NaAlSiaOg  or  NajO.AljOs. 
eSiOj  =  Silica  687,  alumina  195,  soda  11  8  =100.  Calcium  is  usually 
present  in  small  amount,  as  anorthite  (CaAlsSiaOs),  and  as  this  in- 
creases it  graduates  through  oligoclase-albite  to  oligoclase  (cf.  p.  466).  Potas- 
sium may  also  be  present,  and  it  is  then  connected  with  anorthoclase  and 
microcline. 

Var. ' —  Ordinary,  In  crystalfl  and  massive.  The  crystals  often  tabular  ||  b  (010).  The 
massive  forms  are  usually  nearly  pure  white,  and  often  show  wavy  or  curved  laniinse.  Per- 
iaUrite  is  a  whitish  adularia-like  albite,  sligntly  iridescent,  named  from  xtptarepd,  piqeon. 
AverUurine  and  moonstone  varieties  also  occur.  Peridine  from  the  chlontic  schists  of  the 
Alps  is  in  rather  large  opaque  white  crystals,  with  characteristic  elongation  in  the  direction 
of  the  b  axis,  as  shown  in  Figs.  791  and  702,  and  commonly  twinned  with  this  as  the  twinning 
axis  (peridine  law). 

^^.,  etc.  —  B.B.  fuses  at  4  to  a  colorless  or  white  glass,  imparting  an  intense  yellow  to 
the  dame.    Not  acted  upon  by  acids. 

.  Diff.  —  Resembles  barite  m  some  forms,  but  is  harder  and  of  lower  specific  gravity; 
does  not  effervesce  with  acid  (like  calcite).  Distinguished  optically  and  by  the  common 
twinning  striations  on  c  (001)  from  orthoclase;  from  the  other  tricfinic  feldspars  partially 
by  specific  gravity  and  better  by  optical  means  (see  p.  4d3). 

Artif.  —  Albite  acts,  in  regard  to  its  artificial  formation,  like  orthoclase,  which  see. 

Obs.  —  Albite  is  a  constituent  of  many  igneous  rocks,  especially  those  of  alkaline  type, 
as  granite,  elseolitensyenite,  diorite,  etc.j  also  in  the  corresponding  feldspathic  lavas.  In 
pertkiie  (p.  460)  it  is  interlaminated  with  orthoclase  or  nucrocline,  and  similar  aggrega- 
tions, often  on  a  micro6coi}ic  scale,  are  common  in  many  rocks.  Albite  is  common  auso 
in  gneiss^  and  sometimes  in  the  crystalline  schists.  Veins  of  albitic  granite  are  often 
repositones  of  the  rarer  minerals  and  of  fine  crystallisations  of  gems,  including  besyl,  tour- 
maline, allanite,  columbite,  etc.    It  is  found  in  disseminated  crystals  in  granular  limestone. 

Some  of  the  most  prominent  European  lo<^ties  are  in  cavities  and  veins  in  the  granite 
or  granitoid  rocks  of  the  Swiss  and  Austrian  Alps,  associated  with  adularia,  smokv  quartz, 
chlorite,  titanite,  apatite,  and  many  rarer  species:  it  is  often  implanted  in  parallel  position 
upon  the  orthoclase.  Thus  in  the  Alps  the  St.  Gothard  region :  Roc  Tourn6  near  Modane, 
Savoie^  on  Mi.  8kopi  (peridine);  Tavetschtal;  in  Austria  at  Schmim  and  Greiner,  T3rrol; 
also  Pfitsch,  Rauris,  the  Zillertal,  Krimml,  Schneeberg  in  Passeir,  Tyrol,  in  simple  crystals. 
Also  in  Dauphin^,  France,  in  similar  association;  Elba.  Also  Hirschberg  in  Silesia;  Penig 
in  Saxony;  with  topaz  at  Mursinka  in  the  Ural  Mts.  and  near  Miask  in  the  Umen  Mts.; 
Cornwall,  En^and;  Moume  Mts.  in  Irdand.    Fine  crystals  from  Greenland. 

In  the  United  States,  in  Me.,  at  Paris,  with  red  and  blue  tourmalines,  also  at  Topsham. 
In  Mass.,  at  Chesterfield,  in  lamellar  masses  {deaveiUmdiie),  slightly  bluish,  also  fine  granu- 
lar. In  N.  H.,  at  Acworth  and  Alstead.  In  Conn.,  at  HaddiSn;  at  the  Middletown  feld- 
spar quarries,  at  Branchville,  in  fine  crystals  and  massive.  In  N.  Y.,  at  Moriah,  Essex 
Co.,  of  a  greenish  color;  at  Diana,  Lewis  Co.,  and  Macomb,  St.  Laurence  Co.  In  Pa.,  at 
Union ville,  Chester  Co.  In  Va.,  at  the  mica  mines  near  Amelia  Court-House  in  splendid 
crystallizations.    In  Col.,  in  the  Pike's  Peak  region  with  smoky  quartz  and  amazonstone. 

The  name  aUrite  is  derived  from  aJbu8f  white,  in  allusion  to  its  common  color. 

Use.  —  Same  za  orthoclase  but  not  so  commonly  employed;  some  varieties  which 
show  an  opalescent  play  of  colors  when  i)olished  form  the  ornamental  material  known  as 
moonsUme, 
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Triclinic.  Axes,  see  p.  466.  6c,  010  A  001  =  86°  32'.  Twins  obssYed 
according  to  the  Carlsbad,  albite,  and  pericline  laws.  Cr3nstals  not  common. 
Usually  massive,  cleavable  to  compact. 

Cleavage:  c  (001)  perfect;  6  (010)  somewhat  less  so.  Fracture  conchoidal 
toimeven.  Brittle.  H.  =  6-6*5.  G.  =  2"66-2*67.  Luster  vitreous  to  some- 
what pearly  or  waxy.  Color  usually  whitish,  with  a  faint  tinge  of  grayish 
green,  grayish  white,  reddish  white,  greenish,  reddish;  sometimes  aventurine. 
Transparent,  subtranslucent.    Optical  characters,  see  p.  463. 

Comp.  —  Intermediate  between  albite  and  anorthite  and  corresponding 
to  AbftAni  to  AbiAui,  but  chiefly  to  AbsAni,  p.  461. 

Var.  —  1.  Ordinary.  In  crystals  or  more  commonly  massive,  cleavable.  The  varieties 
oontaininK  soda  up  to  10  p.  c.  are  called  (digoclase-albite.  2.  Aventurine  oligaclase,  or  sun- 
stone,  is  o?  a  grayish  white  to  reddish  gray  color,  usually  the  latter,  with  internal  yellowish 
or  reddish  fire-hke  reflections  proceeding  from  disseminated  crystals  of  probably  either 
hematite  or  gdthite. 

Pyr.,  etc.  —  B.B.  fuses  at  3*5  to  a  dear  or  enamel-Uke  glass.  Not  materially  acted 
upon  bv  acids. 

Diff.  —  See  orthoclase  0>.  450)  and  albite  (p.  465) ;  also  pp.  456,  463. 

Obs.  —  Occurs  in  porphyry,  granite,  syenite,  and  also  in  different  effusive  rocks,  as 
andesite.  It  is  sometimes  associated  with  orthoclase  in  granite  or  other  granite-like  rock. 
Among  its  localities  are  Danviks-Zoll  near  Stockholm,  Sweden;  Pargas  in  Finland;  Shai- 
tansk,  Ural  Mts.;  in  syenite  of  the  Vosges  Mts.,  France;  at  Albula  in  Orisons,  Switzerland; 
Marienbad,  Bohemia;  in  France  at  Chalanches  in  Allemont,  and  Bourg  d'Oisans,  Dauphin^; 
as  sun&Ume  at  Tvedestrand,  Norway;  at  Hittero,  Norway;  Lake  Baikal,  Siberia. 

In  the  United  States,  at  Fine  and  Macomb,  St.  Lawrence  Co.,  N.  Y.,  in  good  crystals; 
at  Danburv,  Conn.,  with  orthoclase  and  danburite;  Haddam,  Conn.;  at  the  emery  mine, 
Chester,  Mass.,  granular;  at  Unionville,  Pa.,  with  euphyllite  and  corundum:  Mineral  Hill, 
Delaware  Co.,  Pa.;  at  Bakersville,  N.  C.,  in  cl^  glassy  masses,  showing  cleavage  but  no 
twinning.    Named  in  1826  by  Breithaupt  from  0X170$,  little,  and  xXao-ts,  fracture, 

Andestne. 

Triclinic.  Axes,  see  p.  456.  be,  010  A  001  =  86^  14'.  Twins  as  with 
albite.    Crystals  rare.    Usually  massive,  cleavable  or  granular. 

Cleavage:  c  (001)  perfect;  6  (010)  less  so;  also  M  (lIO)  sometimes 
observed.  H.  =  5-^.  G.  =  2'68-2'69.  Color  white,  gray,  greenish,  yellow- 
ish, flesh-red.     Luster  subvitreous  to  pearly.     Optical  characters,  see  p,  463. 

Comp.  —  Intermediate  between  ^bite  and  anorthite,  corresponding  to 
Ab  :  An  in  the  ratio  of  3  :  2, 4  :  3  to  1  :  1,  see  p.  461. 

Pyr.,  etc.  —  Fuses  in  thin  splinters  before  the  blowpipe.    Imperfectly  soluble  in  adds; 

Obs.  —  Observed  in  maii^  granular  and  volcanic  rocks;  thus  occurs  in  the  Andes,  at 
Marmato,  Colombia,  as  an  ingredient  of  the  rock  called  andesite;  in  the  porphyry  of 
TEsterel,  Dept.  du  Var,  France;  in  the  syenite  of  Alsace  in  the  Vosges  Mts.;  at  Vapnefiord, 
Iceland;  Bodenmais,  Bavaria;  Frankenstein,  Silesia.  Sanford,  Me.,  with  vesuvianite. 
Common  in  the  igneous  rocks  of  the  Rocky  Mts.    Crystab  from  Sardinia  and  Greenland. 

Labradorite.    Labrador  Feldspar. 

Triclinic.  Axes,  see  p.  456.  Cleavage  angle  he  010  A  001  =  86**  4'. 
Forms  and  twinning  similar  to  the  other  plagioclase  species.  Crystals  often 
very  thin  tabular  1 1  6  (010) ;  and  rhombic  in  outline  boimded  by  ey  or  ex  (Fig. 
455,  p.  172).  Also  massive,  cleayable  or  granular;  sometimes  cryptocrystal- 
line  or  homstone-like. 

Cleavage:  c  (001)  perfect;  b  (010)  less  so;  M  (iTO)  sometimes  distinct. 
H.  =  5-6.  G.  =  270-272.  J^uster  on  e  pearly,  passing  into  vitreous;  else- 
where vitreous  or  eubresinous.     Color  gray,  brown,  or  greenish;  sometimes 
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colorless  and  glassy;  rarely  porcelain-white;  usually  a  beautiful  change  of 
colors  in  cleavable  varieties,  especially  ||  b  (010).  Streak  uncolored.  Trans- 
lucent to  subtranslucent.    Optical  characters,  see  p.  463. 

Play  of  colors  a  common  character,  but  sometimes  wanting  as  in  some  colorless  crys- 
tals. Blue  and  green  are  the  predominant  colors;  but  yellow,  nre-red,  and  pearl-gray  also 
occur.  Vogelsang  regards  the  common  blue  color  of  labradorite  as  an  interference-phenom- 
enon due  to  its  lameUar  structure,  while  the  golden  or  reddish  schiller,  with  the  other  colors, 
is  due  to  the  presence  of  black  acicular  microutes  and  yellowish  red  microscopic  lamellse,  or 
to  the  combined  effect  of  these  with  the  blue  reflections.  Schrauf  has  examined  the  inclu- 
sions, their  position,  etc.,  and  given  the  names  microplakUe  and  microphyllite  to  two  groups 
of  them.     (See  references  on  p.  181.) 

Comp.  —  Intermediate  between  albite  and  anorthite  and  corresponding 
chiefly  to  Ab  :  An  in  a  ratio  of  from  1  :  1  to  1  :  3,  p.  461. 

The  feldspars  which  lie  between  labradorite  proi>er  and  anorthite  have  been  embraced 
by  Tschermak  imder  the  name  hytovmUe.  The  original  bytownite  of  Thomson  was  a 
greenish  white  feldspathic  mineral  found  in  a  boulder  near  Bjrtown  (now  Ottawa)  in  Onta^ 
rio,  Canada. 

Pyr.,  etc.  —  B.B.  fuses  at  3  to  a  colorless  glass.  Decomposed  with  difficulty  by  hydro- 
chlonc  acid^enerally  leaving  a  portion  of  undecomposed  nuneral. 

Biff.  —  Tbe  beautiful  play  ot  colors  is  a  common  but  not  universal  character.  Other- 
wise distinguished  as  are  tne  other  feldspars  (pp.  459,  465). 

Obs.  —  Labradorite  is  an  essential  constituent  of  various  igneous  rocks,  especiallv  of 
the  basic  kinds,  and  usually  associated  with  some  member  of  tne  pyroxene  or  amphibole 
groups.  Thus  with  hypersthene  in  norite,  with  diallage  in  gabbro,  with  some  form  of 
p3rroxene  in  diabase,  basalt,  dolerite,  also  andesite,  tephrite,  etc.  Labradorite  also  occurs 
in  other  kinds  of  lava,  and  is  sometimes  found  in  them  m  glassy  crystals,  as  in  those  of  Etna, 
Vesuvius,  at  Kilauea,  Hawaiian  Islands. 

The  labradohtic  massive  rocks  are  most  common  among  the  formations  of  the  Archsan 
era.  Such  are  part  of  those  of  British  America,  northern  New  York,  Pennsylvania,  Arkan- 
sas; those  of  Greenland,  Norway,  Finland^  Sweden,  and  probably  of  the  Vosges  Mts. 

On  the  coast  of  Labrador,  labradorite  is  associated  with  hornblende,  hypersthene,  and 
magnetite.  It  is  met  with  in  many  places  in  Quebec.  Occurs  abimdantly  through  the  oen- 
tral  Adirondack  region  in  northern  N.  Y.;  in  the  Wichita  Mts.,  Ark. 

Labradorite  was  first  brought  from  the  Isle  of  Paul,  on  the  coast  of  Labrador,  by  Mr. 
Wolfe,  a  Moravian  missionary^  about  the  year  1770. 

Use.  —  The  varieties  showing  a  play  of  colors  are  used  as  ornamental  material. 

M  AfiKELYNiTE .    In  colorlcss  isotropic  grains  in  meteorites ;  composition  near  labradorite. 

ANORTHITE.    Indianite. 

Triclinic.  Axes  a:h:c  =  0-6347  : 1  :  05501;  a  =  93^  13',  /3  =  115**  55^', 
V  =  91°  12'. 


793 


794 


6c,  010  A  001  =  86^  50'. 
mM,  110  A  IlO  =  59^  29'. 
few,  010  A  110  =  58°  4'. 
cm,  001  A  110  =  65**  53'. 
cilf ,  001  A  ITO  =  69°  20'. 
cy,     001  A  201  =  81°  14'. 

Twins  as  with  albite  (p.  462 
and  p.  464).  Crystals  usually 
prismatic  ||  c  axLs  (Fig.  793,  also 
Fig.  364,  p.  146),  less  often  elon- 
gated I!  h  axis,  like  pericline  (Fig. 
794).  Also  massive,  cleavable, 
with  granular  or  coarse  lamellar 
structure. 

Cleavage:  c  (001)  perfect;  h  (010)  somewhat  less  so.    Fracture  conchoidal 
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to  uneven.  Brittle.  H.  =  6-65.  G.  =  274-276.  Color  white,  grayish, 
reddish.    Streak  iincolored.    Transparent  to  translucent. 

Optically  —.  Ax.  pi.  nearly  J.  e  (021),  and  its  trace  inclined  60®  to  fhe 
edge  c/e  from  left  above  behind  to  right  in  front  below.  Extinction-angles 
on  c  (001),  -34°  to  -42°  with  edge  b/c;  on  b  (010),  -35°  to  -43°  (Fig. 
784,  p.  462).  Dispersion  p  <  v,  also  inclined.  2V  =  78°.  a  =  1*576. 
/8  =  1*584.    y  =  1*588.    Birefringence  stronger  than  with  albite. 

Comp.  —  A  silicate  of  cduminium  and  calcium,  CaAl2Six08  or  CaO.AlsOs. 
2Si02  =  SUica  43*2,  alumina  36*7,  lime  201  =  100.  Soda  (as  NaAlSi,Og)  is 
usually  present  in  small  amount,  and  as  it  increases  there  is  a  gradual  transi- 
tion through  bytownite  to  labradorite. 

Var.  —  Anarihile  was  described  from  the  sUissv  crystals  of  Mte.  Somma,  Vesuvius;  and 
christianite  and  hiotine  are  the  same  mineral.  Thiorsauiie  is  the  same  from  Iceland.  In- 
dianite  is  a  white,  gjnmah,  or  reddish  granular  anorthitefrom  India,  where  it  occurs  as  the 
gangue  of  corundum,  mrst  described  in  1802  by  Count  Boumon.  CfydapUe  occurs  in  amaU, 
transparent,  and  glassy  crystals,  tabular  ||-  b  (010),  coating  cavities  in  the  dolerite  of  the 
Cyclopean  Islands  and  near  Trezza  on  Etna.  Amphoddite,  lepoliUf  latrobtie  also  bdong  to 
anorthite. 

^rr.,  etc.  —  B.B.  fuses  at  5  to  a  colorless  i^mbb.  Anorthite  from  Mte.  Somma,  and 
indianite  from  the  Camatic,  India,  are  decomposed  by  hydrochloric  acid,  with  separation^^f 
gelatinous  sihca. 

Artif .  —  Anorthite  is  the  easiest  of  the  feldspars  to  be  formed  artificially.  Unlike  the 
alkalic  feldspars  it  can  be  easily  formed  in  a  dry  fusion  of  its  constituents.  This  method 
becomes  progressively  more  difficult  as  the  albite  molecule  is  added  to  the  composition. 
Anorthite  is  irequently  observed  in  slags  and  is  easily  produced  in  artificial  magmas.  It 
further  is  often  produced  when  more  complex  siUcates  are  broken  down  by  fusion. 

Obs.  —  Occurs  in  some  diorites;  occasionally  in  connection  with  gabbro  and  serpentine 
rocks;  in  some  cases  along  with  corundum;  in  many  volcanic  rocks,  andesites,  basalts,  etc.; 
as  a  constituent  of  some  meteorites  (Juvenas,  Stannem). 

Anorthite  (christianite  and  biotine)  occurs  at  Mount  Vesuvius  in  isolated  blocks  among 
the  old  lavas  in  the  ravines  of  Monte  Sonmia;  in  the  Albani  Mts.;  on  the  Pesmeda  Alp, 
Monzoni,  IVrol,  as  a  contact  mineral;  Aranver  Berg,  Transylvania,  in  andesite;  in  Ice- 
land; near  Bogoslovsk  in  the  Ural  Mts.  In  the  Cyclopean  Islands  (cydopite).  In  the  lava 
of  the  island  of  Miyake,  Japan. 

In  crystals  from  Franklin,  N.  J.;  from  Phippsburg,  Me. 

Anorthite  was  named  in  1823  by  Rose  from  oeyop^os,  oblique^  the  crystallicaflon  being 
tricUnic. 

Anemousite.  A  feldspar  having  the  composition,  Na«0.2Ca0.3AlsOs.9SiOi.  This  does 
not  ag^  with  any  possible  member  of  the  albite-anorthite  series.  This  is  explained  by 
assuming  the  presence  in  small  amount  of  a  sodium-anorthite  molecule,  NafO.AlaOt.2SiOi, 
to  which  the  name  camegieite  has  been  given.  Cleavage  angle  =  85^  50'.  G.  »  2*68. 
a  =-  1-555.  fi  =  1-559.  y  =  1'563.  2  V  =  82**  48'.  Found  as  loose  crystals  on  Mte. 
Rosso,  Island  of  Linosa.  Name  derived  from  the  ancient  Greek  name  of  the  island.  Car- 
neffieite  is  named  in  honor  of  Andrew  Carnegie. 


*n.  Metasilicates.     RSiOs 

Salts  of  MetasiUcic  Acid,  H2Si03;  characterized  by  an  oxygen  ratio  of  2  : 1 
for  silicon  to  bases.  The  Division  closes  with  a  number  of  species,  in  part  of 
somewhat  doubtful  composition,  forming  a  transition  to  the  Orthosilicates. 

The  metasilicates  include  two  proniinent  and  well-characterized  groups, 
viz.,  the  Pyroxene  Group  and  the  Amphibole  Group.  There  are  also,  others 
less  important. 


Leudte  Group.     Isometric 
In  aeveni  respects  leucit«  is  allied  to  the  species  of  the  Feldspar  Group,  which  imme- 
diately precede. 

Leudte  KAl(SiOj)»  Isometric  at  500° 

Pseudo-isometric  at  ordinary  temperatures. 
Polludte  HiCB4Al4(SiOi)«  Isometric 

LEUCITB.    Amphigf^ne. 

Isometric  at  500"  C;  pseudo-isometric  under  ordinary  conditions  (see  p. 
302),     Commonly  in  erystab  varying  in  angle  but  _. 

little  from  the  tetragonal  trisoctahedron  n  (211), 
sometimes  with  a  (100),  and  d  (110)  as  subordinate 
jorms.  Faces  often  showing  fine  striations  due  to 
twinning  (Fig.  795).  Also  in  disseminated  grains; 
rarely  massive  granular. 

Cleavage:  d  (110)  very  imperfect.  Fracture 
conchoidal.  Brittle.  H.  =  5-5-6.  G.  =  2-45-2-50. 
Luster  vitreous.  Color  white,  ash-gray  or  smoke- 
gray.  Streak  uncolored.  Translucent  to  opaque. 
Usually  shows  very  feeble  double  refraction:  u>  = 
1-508,  (=  1509  (p.  302). 

Comp.  —  KAl(SiOj),  or  K,O.Al,0,.4SiOj  =-  Silica  55-0,  alumina  23*5. 
potash  21-5  =  100. 

Soda  is  present  only  in  small  quantiticR,  unless  as  introduced  by  alteration;  traces  of 
lithium,  also  of  rubidium  and  cseium,  have  been  detected.  Leucite  and  analcite  are  cloeely 
related  chemically  as  ia  shown  by  the  fact  that  the  two  speciee  can  be  converted  into  eacn 
other  when  heated  with  sodium  or  potassium  chlorides  or  carbonates. 

Pyr,,  etc  —  B.B.  infusible:  with  cobalt  solution  pves  a  blue  color  (aluminium).  De- 
composed by  hydrochloric  acid  without  gelatinization. 

DtfE.  —  Characterised  by  its  trapezohedral  form,  absence  of  color,  and  infusibility.  It 
is  softer  than  Karoet  and  harder  than  analcite;  the  latter  yields  water  and  fuses. 


Micro.  —  Recognized  in  thin  aectioos  by  its  extremely  low  refraction,  isotropic  chaiao- 
d  the  symmetrical  arrangement  of  inclusions  (Fig.  706;  also  Fig.  485,  p.  180).     Larger 


^^ 


crystals  are  commonly  not  wholly  isotropic  and,  further,  show  complicated  systems  of 
twinning-hnes  (Fig.  795);   the  birefringence  is,  however^  very  low,  and  the  colors  scarcely 
rise  above  dark  gray;   they  are  best  seen  bv  introduction  of  the  (quartz  or  gypemn  plBt« 
yielding  red  of  the  first  order.     The  smaller  leucitee,  which  lack  this  twinning  or  the  inclu-  ' 
sions,  are  only  to  be  distinguished  from  sodalitc  or  analcite  by  chemical  tests, 

Artif.  —  Leucite  is  easily  prepared  artificially  by  simply  fusing  together  its  constitu- 
ents in  proper  proportion  and  allowing  the  melt  Ui  crystallize  slowly.  The  addition  of 
potassium  ranadate  produces  larger  crystals.  Leucite  has  been  formed  when  microchue 
and  biotite  were  fused  together  and  also  when  muscovite  was  fused  alone. 

Obs.  —  Leucite  occura  only  in  igneous  rocks,  and  eapecially  in  recent  lavas,  as  one  of 
the  products  of  crystallization  of  magmas  rich  in  potash  and  low  in  silica  (for  which  reason 
this  species  rather  than  orthoclsse  is  formed).  The  larger  embedded  crystals  are  commonly 
anisotropic  and  show  twinning  lamellte;  the  smaller  ones,  forming  the  groundmass,  aie 
isotropic  and  without  twinning.  Found  in  leueitites  and  leucite-basalts.  leucltoph3TeB, 
leucite-phonoUtee  and  leudte-tephritea;  also  in  certain  rocks  occurring  in  dikes.     Very  rare 
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in  intruded  igneous  rocks,  only  one  or  two  instances  being  known:  but  its  former  presence 
under  such  conditions  is  indicated  by  pseudomorphs,  oft«i  of  large  size  (pseuaoleucUe] 
consisting  of  nephelite  and  orthoclase,  also  of  analcite. 

The  prominent  localities  are,  first  of  all,  Vesuvius  and  Mte.  Sonuna,  where  it  is  thickly 
disseminated  through  the  lava  in  mins,  and  in  laive  perfect  crystals;  also  in  ejected 
masses;  also  near  Itome,  at  Capo  di  Bove,  Rocca  Monfina,  etc.  Further  in  leucite-tepfarite 
at  Proceno  near  Lake  Bolsena  m  central  Italy:  in  Germany  about  the  Laacher  See  and  at 
several  points  in  the  Eifel:  at  Riedennear  Anaernach;  at  Meichesin  theVogelsgebirge;  in 
the  Kaiserstuhl^ebirge;  Wiesental,  Bohemia.  Occurs  in  Brazil,  at  Pinhalzinho.  From  the 
Cerro  de  las  Virgines,  Lower  California.  In  the  United  States  it  is  present  in  a  rock  in 
the  Green  River  Basin  at  the  Leucite  Hills,  Wy.;  also  in  the  Absaroka  range,  in  north- 
western Wy.;  in  the  Highwood  and  Bearpaw  Nits.,  Mon.  (in  part  pseudoleucite).  On  the 
shores  of  Vancouver  Islimd,  where  magnificent  groups  of  crystals  have  be^i  found  as  drift 
boulders. 

Pseudoleucite  (see  above)  occurs  in  the  phonolite  (tinguaite)  of  the  Serra  de  Tingua, 
Brazil;  at  Magnet  Cove,  Ark.;  near  Hamburg,  N.J.;  Mon.;  also  in  the  Cariboo  District, 
British  Coliunbia. 

Named  from  Xcucos,  while,  in  allusion  to  its  color. 

PoUttdte.  Essentially  Hi0.2Csi0.2AlsOi.9SiOs.  Isometric;  often  in  cubes;  also  mas- 
flive.  H.  »  6*5.  G.  »  2*901.  Colorless,  n  »  1*525.  Occurs  very  sparingly  in  the  island 
of  Elba,  with  petalite  (castorite) ;  also  at  Hebron  and  Rumf ord,  Me. 


Ussiii^te.  HNa«Al(SiOi)s.  Triclinic.  Three  cleavages.  G.  »  2-5.  H.  « 6-7.  Color 
reddish  violet.  Indices,  1 '50-1 '55.  Easily  fusible.  Soluble  in  hydrochloric  acid.  Found 
in  roUed  masses  from  pegmatite  at  Kangerdiuarsuk,  Greenland. 


Pyroxene  Group 

Orthorhombic,  Monoclinic,  Triclinic 
Composition  for  the  most  part  that  of  a  metasilicate,  RSiOs,  with  R  = 

Ca,Mg,Fe  chiefly,  also  Mn,Zn.    Further  RSiO,  with  R(Fe,Al)2Si06,  less  often 

I 

containing  alkaUes  (Na,K),  and  then  RSiOs  with  RAl(SiOa)2.    Rarely  includ- 
ing zirconium  and  titanium,  also  fluorine. 

a.  Orthoriiombic  Section 

d  I  b  I  c            or  &  *  CI  *  c 

Enstatite                MgSiOs                0*9702':  1 ':  0'5710  10307  : 1  :  05885 

Bronzite  (Mg,Fe)Si08 

Hypersthene         (Fe,Mg)SiO»        0-9713  : 1  :  05704  10319  : 1  :  05872 

The  second  set  of  axial  ratios,  with  a  =  1,  brings  out  the  similarity  of  the  form  to  the 
monoclinic  species. 

fi.  Monoclinic  Section 

a :b  :  c  p 

Pyroxene  .10921  : 1  :  05893    74°  10' 

I.   NON-ALUMINOUS  VARIETIES: 

1.  DiopsiDE  fCaMg(Si08)f 

lCa(Mg,Fe)(SiO,), 
MalacoUte,  Salite,  Diallage,  etc. 

2.  Hedenbergite  CaFe(Si03)2 

Manganhedenbei^te   Ca(Fe,Mn)  (Si03)2 

3.  ScHEPFERrrE  (Ca,Mg)(Fe,Mn)(Si08)j 

Jeflfersonite  (Ca,Mg)  (Fe,Mn,Zn)  (SiOs)^ 
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II.  Aluminous  Varieties: 


A.      A  rmTTir 

(Ca(Mg,Fe)(SiO,)» 

^a      rii  U  MX  X  J!i 

' 

with  (Mg,Fe)(Al,Fe),SiO« 

Leucaugite,  Faasaite, 

i£girite-augite. 

• 

in 

a:b:e 

Acinite\(iEgirite| 

NaFe(SiO,), 

10996  :  1  : 0-6012 

73°  11' 

Spodumene 

T,iAl(SiO,), 

11238: 1:0-6355 

69'  40' 

Jadeite 

NaAl(SiO,), 

1-103    : 1:0-613 

72"  44i' 

a:b  :c 

fi 

Wollastonite 

CaSiO, 

10531  :  1  :  0-9676 

84"  30' 

Pectolite 

HNaCa«(SiO, 

,)»                   1-1140:1:0-9864 

84"  40' 

y.  Tridinic  Section 

a  :b  :c  a  fi  y 

Rhodonite       MnSiO,  10729  : 1  : 0-6213     103M8'     108°  44'    81^39' 

also  (Mn,Ca)Si08 
(Mn,Fe)Si08 
(Mn,Zn,Fe,Ca)Si08 
Babingtonite  (Ca,Fe,Mn)SiO,.Fe2(Si08;3 

10691  : 1 :  0-6308     104°  21^'  108°  31'    83°  34' 

The  rare  species  Rosenbuschite,  L&venite,  Wohlerite  also  belong  under  the  monodinic 
section  and  Hiortdahlite  under  the  triclinic  section  of  this  group. 

The  Pyroxene  Group  embraces  a  number  of  species  which,  while  falling 
in  different  systems  —  orthorhombic,  monoclinic,  and  triclinic  —  are  yet 
closely  related  in  form.  Thus  all  have  a  fundamental  prism  with  an  angle  of 
93°  and  87°,  parallel  to  which  there  is  more  or  less  distinct  cleavage.  Further, 
the  angles  in  other  prominent  zones  show  a  considerable  degree  of  similarity. 
In  composition  the  metasilicates  of  calcium,  magnesium,  and  ferrous  iron  are 

n  m  I 

most  prominent,  while  compounds  of  the  form  R(Al,Fe)2Si06,  RAl(Si08)2  are 
also  important. 

The  species  of  the  pyroxene  group  are  closely  related  in  composition  to  the 
corresponding  species  of  the  amphibole  group,  which  also  embraces  members 
in  the  orthorhombic,  monocUnic,  and  triclinic  systems.  In  a  number  of  cases 
the  same  chemical  compound  appears  in  each  group;  furthermore,  a  change 
by  paramorphism  of  pyroxene  to  amphibole  is  often  observed.  In  form  also 
the  two  groups  are  related,  as  shown  in  the  axial  ratio;  also  in  the  parallel 
growth  of  crystals  of  monoclinic  amphibole  upon  or  about  those  of  pyroxene 
(Fig,  461,  p.  173).    The  axial  ratios  for  the  typical  monoclinic  species  are: 

Pyroxene  a:    b:c  =  10921  :  1  :  06893  /3  =  74°  10' 

Amphibole  a  :  ^6  :  c  =  11022  :  1  :  05875  /5  =  73°  58' 

See  further  on  p.  486. 

The  optical  relations  of  the  prominent  members  of  the  Pyroxene  Group, 
especially  as  regards  the  connection  between  the  position  of  the  ether-axes  and 
the  crystallographic  axes  are  exemplified  in  the  following  figures  (Cross). 
A  corresponding  exhibition  of  the  prominent  amphiboles  is  given  under  that 
grgup,  Fig.  826,  p.  486, 
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I,  EoBtatite,  etc.    II,  Spodumene.    Ill,  Diopside,  etc.    IV,  Hedenbergtte,  Augite. 

V,  Augite.    VI,  Acmite. 


rr',    223  A  523  =  40*  16J'. 
tt'^',  223  A  223  =  39**    l}'. 


jn 


m 


a.  Orthorhombic  Section 
ENSTATITE. 

Orthorhombic.    Axes  a  :  6  :  c  =  09702  :  1  :  0-5710. 

mm''',  110  A  ITO  -  88**  16'. 
gg',      023  A  023  «  241**  41'. 

Twins  rare:  tw.  pi.  h  (014)  as  twinning  lamelke;  also  tw.  pi.  (101)  as  stel- 
late twins  crowing  at  angles  of  nearly  S)^,  sometimes  six-rayed.  Distinct 
crystals  rare,  habit  prisniatic.    Usually  massive,  fibrous,  or  lamellar. 

Cleavage:  m  (110)  rather  easy.    Parting  ||  b  (010);  also  a  (100).     Frac- 
79e  ture  uneven.      Brittle.      H.  =  5-5.      G.  =  31-3-3. 

Luster,  a  Uttle  pearly  on  cleavage-surfaces  to  vitreous; 
often  metalloidal  in  the  bronzite  variety.  Color 
gra3ash,  yellowish  or  greenish  white,  to  oUve-green 
and  brown.  Streak  uncolored,  grayish.  Translucent 
to  nearly  opaque.  Pleochroism  weak,  more  marked  in 
varieties  relatively  rich  in  iron.  Optically  +.  Ax. 
pi.  1 1  b  (010).  Bxa  ±  c  (001).  Dispersion  p  <  v  weak. 
Axial  angle  large  and  variable,  increasing  with  the 
amount  of  iron,  usually  about  90**  for  FeO  =  10  p.  c. 

Q  s=  1*669*  y a  =  0*009. 

Comp.  —  MgSiOa  or  MgO.Si02  =  Silica  60,  magnesia  40  =  100.  Also 
(Mg,Fe)Si08  with  Mg  :  Fe  799 

«  8  :  1,  6  :  1,  3  :  1,  etc.  -^jb*. 

Var.  — 1.  WithliUleorno 
iron;  EnstatUe.  Color  white, 
yellowisk,  grayish,  or  green- 
ish white;  luster  vitreous  to 
pearly;  G.  =  310-313. 
ChladniU  (Shepardite  of  Rose), 
which  makes  up  90  p.  c.  of  the 
Bishopville  meteorite,  belongs 
here  and  is  the  purest  kind. 
Victorite,  occurring  in  the  Deesa 
meteoric  iron  in  rosettes  of 
adcular  cirstals,  is  similar. 

2.  Ferriferous;  Bronzite,  Col- 
or grayish  green  to  olive-sreen 
andf  brown.  Luster  on  cleav- 
age-surface often  adamantine- 
pearly  to  submetallic  or  bronze-like;  this,  however,  is  usually  of  secondary  origin  and  i?< 


Bamle 


800 

f 


X-Bx, 


Enstatite  (Bronxite) 


Hypersthene^ 
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not  esienti&l.  With  the  iocreaae  of  iron  (above  12  to  14  p.  e.)  bransite  paasee  to  hyper- 
Bthoie,  the  optic  axial  angle  changing  ao  that  in  the  latter  X  =  Bxk  ±  a  (100^  TtuB  ia 
illustrattd  by  Fira.  799,  800. 

^T^  etc.  —  B.B.  almost  infusible,  being  only  slightly  rounded  on  the  thin  edges; 
F.  =  6.     luaolubie  in  hydrochloric  acid. 

Artif .  —  EnBtatite  is  formed  from  a  melt  having  the  proper  composition  st  t«mperatuieB 
slightly  under  1100°.  At  higher  temperatures  the  monoclinicpyioxeneB  appear.  Enstatite 
has  also  been  formed  by  fusing  olivme  with  silica.  When  serpentine  is  melt«d  it  breaks 
down  into  enstatitc  and  olivine. 

Hicro.  —  In  thin  sections  is  colorless  or  light  yellow  or  green;  marked  relief;  prominent 
cleavage  with  parallel  extinction;  little  pleocnroism  but  becoming  stronger  with  increase  of 
iron;  inclusions  common  lying  parallel  bo  brachypinacoid,  producing  characteristic  Schiller 
of  mineral. 

Obs.  —  Enstatite  (including  broniite)  is  a  common  constituent  of  peridotit«e  and  the 
serpentines  derived  from  them;  it  also  occurs  in  crystalline  schists.  It  is  often  asBoeiated 
in  parallel  growth  with  a  monoclinic  pyroxene,  e.g.,  diallage.  A  common  mineral  in  mete- 
oric stones  often  occurring  in  chondruiM  with  eccentric  radiated  structure. 

Occurs  near  Aioystal  in  Moravia,  in  serpentine;  at  Kupferberg  in  Bavaria;  at  Baste  in 
the  Harz  Mts.,  Germany  [prolobastiU) ;  in  the  so-called  olivine  bombs  of  the  Drraser  Weiha 
in  the  Eifel,  Germany;  m  immense  crystals,  in  part  altered,  at  the  apatite  depoeita  tA 
Kjorreatad  near  Bamle,  Norway;  in  the  peridotite  associated  with  the  diamond  deposits  of 
South  Africa. 

In  the  United  States,  in  N.  Y.  at  the  Tilly  Foster  magnetite  mine,  Brewster,  Putnam  Co., 
with  choadrodite  and  at  Edwards;  Texas,  Fa.;  bronzite  from  Webster,  N.  C.;  Bare  Hills, 
Baltimore,  Md. 

Named  from  iivarrqi,  an  opponent,  because  so  refractory.  The  name  bromite  has 
priority,  but  a  bronie  liwter  is  not  essential,  and  is  far  from  universal. 


Ortborhombic.     Axes  a  :  b  :  c  =  0'9713  : 
hk', 

Crystak  rare,  habit  prismatic,  often  tabular  ||  a  (1(X)),  less  often  |1  b  (010). 
Usually  foliated  massive;  sometimes  in  embedded  spherical  forms. 

Cleavage:  b  (010)  perfect;  m  (110)  and  a  (100)  distinct  but  interrupted. 
Fracture  uneven.  Brittle.  H.  =  5-6.  G.  =  3'4l>-350.  Luster  somewhat 
pearly  on  a  cleavage-surface,  and  sometimes  metailoidal.  Color  dark  brown- 
ish green,  grayish  black,  greenish  black,  pinchbeck-brown.     Streak  grayi^, 


Figs. 


brownish  gray.  Translucent  to  nearly  opaque.  Pleochroism  often  strong, 
especially  in  the  kinds  with  high  iron  percentage;  thus  ||  Xor  a  axis  browni^ 
red,  K  or  ft  axis  reddish  yellow,  Z  or  c  axis  green.  Optically  — .  Ax.  pi.  |t 
b  (010).     Bx.  X  a  (100).     Dispersion  p  >  v.    Axial  angle  rather  large  and 
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variable,  diminishing  with  increase  of  iron,  cf .  enstatite,  p.  472,  and  Figs*  799, 
800,  p.  472.    /5  =  1-702;  7  -  «  =  0013. 

Hypersthene  often  encloses  minute  tabular  scales,  usuaUy  of  a  brown  color,  arranged 
mostly  parallel  to  the  basal  plane  (Fig.  803)^  also  less  frequently  vertical  or  inclined  30°  to 
c  axis;  uiey  may  be  brookite  (gothite,  hematite),  but  their  true  nature  is  doubtful.  They 
are  the  cause  of  the  peculiar  metalloidal  luster  or  schiller,  and  are  often  of  secondary  origin, 
being  developed  along  the  so-called  "solution-planes"  (p.  189)'. 

Comp.  —  (Fe,Mg)SiOa  with  Fe  :  Mg  =  1  :  3(FeO  =  167  p.  c),  1  .  2 
(FeO  =  217  p.  c.)  to  nearly  1  :  l(FeO  =  310  p.  c).  Alumina  is  sometimes 
present  (up  to*  10  p.  c.)  and  the  composition  then  approximates  to  the  alu- 
minous pyroxenes. 

Of  the  orthorhombic  magnesium-iron  metasilicates,  those  with  FeO  >  12  to  15  p.  c.  are 
usually  to  be  classed  with  hypersthene,  which  is  further  characterized  by  being  optically 
negative  and  having  dispersion  p>  v. 

•Pyr.,  etc.  —  B.B.  fuses  to  a  black  enamel,  and  on  charcoal  yields  a  magnetic  m&ss; 
fuses  more  easily  with  increasing  amount  of  iron.  Partially  decomposed  by  hydro- 
chloric acid. 

Micro.  —  In  thin  sections  similar-  to  enstatite  except  shows  distinct  reddish  or  greenish 
color  with  stronger  pleochroism  and  is  optically  - . 

Artif .  —  Similar  to  enstatite^  which  see. 

Obs.  —  Hvpersthene,  associated  with  a  triclinic  feldspar  (labradorite),  is  common  in 
certain  granulsur  eruptive  rocks,  as  norite,  h3rperite,  gabbro,  also  in  some  andesites  (Ayper- 
8ihene-ande8Ue)f  a  rock  shown  to  occur  rather  extensively  in  widely  separated  regions. 

It  occurs  at  Isle  St.  Paul,  Labrador;  in  Greenland;  at  Farsund  and  elsewhere  in  Nor- 
Elfdalen  in  Sweden;  Penig  in  Saxony;  Ronsberg  in  Bohemia;  the  Tyrol;  Neurode 


Jilesia;  Bodenmais,  Bavaria.    Amblyategiie  is  from  the  Laacher  See,  Germany.    Sza- 
e  occurs  with  pseudobrookite  and  tndymite,  in  cavities  in  the  andesite  of  the  Aranyer 


wa 

in 

hoite  occurs  witn  psew 

Berg,  Transylvania,  and  elsewhere. 

Occurs  in  the  norites  of  the  Cortlandt  region  on  the  Hudson  river,  N.  Y.;  also  common 
with  labradorite  in  the  Adirondack  Archsan  region  of  northern  N.  Y.  and  northward  in 
Canaida.*  In  the  hypersthene-andesites  of  Mt  Shasta,  Cal.;  Buffalo  Peaks,  Col^  and 
other  points. 

Hypersthene  is  named  from  vxcp  and  o^lyot,  very  s&ong,  or  tough. 

BabtitEj  or  ScHnxER  Spar.  An  altered  enstatite  (or  bronzite)  having  approximately 
the  composition  of  serpentine.  It  occurs  in  foliated  form  in  certain  granular  eruptive 
rocks  and  is  charactenzed  by  a  bronze-like  metaJloidal  luster  or  schmer  on  the  chief 
cleavage-face  b  (010),  which  "schillerization"  (p.  251)  is  of  secondary  origin.  H.  ^  3*5-4. 
G.  »  2*5-27.  Color  leek-green  to  olive-  and  pistachio-^een,  and  pinchbeck-brown. 
Pleochroism  not  marked.  Optically  — .  Double  refraction  weak.  Ax.  pi.  ||  a  (010) 
(hence  normal  to  that  of  enstatite).  Bx*  X  6  (010).  Dispersion  p>  v.  The  original 
bastite  was  from  Baste  near  Harzburg  in  the  Harz  Mts.,  Germany;  also  from  Todtmoos 
in  the  Schwarzwald,  Germany. 

Peckhamite.  2(Mg,Fe)SiOs.(Mg,Fe)Si04.  Occurs  in  rounded  nodules  in  the  meteorite 
of  Estherville,  Emmet  Co.,  Iowa,  May  10,  1879.    G.  "  3 '23.    Color  light  greenish  yellow. 


fi,  Monodinic  Section 


PYROXENE. 


Monoclinic.    Axes  a:b:c=  10921  :  1  :  0-5893;  /5  =  74**  10'. 


tntn 

CGf 

cp. 
ee  f 

cu, 


tit 


110  A  iTO 
001  A  100 
001  A  TOl 
Oil  A  Oil 
021  A  05l 
001  A  111 


92* 

74° 

59** 
97** 
as** 


50'. 
10'. 
20'. 
6'. 

11'. 

49i'. 


CO,    001  A  221  =  49*  64'. 
CTi;  001  A  110  =  79*  9V. 
cs,    001  A  Til  »  42*  2\ 
uu\  111  A  iTl  «  48*  29'.^ 
»a'.  Til  A  Til  -  69*  11'. 
wi\  521  A  521  -  84*  11'. 


Twins:  tw.  pi.  (1)  a  (100),  contact-twins,  common  (Fig.  810),  sometimes 
polysynthetic.  (2)  c  (001),  as  twinning  lamellse  producing  striations  on  the 
vertical  faces  and  pseudocleavage  or  parting  ||  c  (Fig.  811);  very  common, 
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often  secondary.  (3)  y  (101)  cruciform-twins,  not  common  (Fig.  451,  p.  171). 
(4)  W  (T22)  the  vertical  axes  crossing  at  angles  of  nearly  60°;  sometimes  re- 
peated as  a  aix-rayed  star  (Fig.  450,  p.  171).    Crystals  usufdly  prisniatic  in 


b&bit,  often  short  and  thick,  and  either  a  square  prism  (o  (100),  6  (010)  prom- 
inent), or  nearly  square  (93°,  87°)  with  m  (110)  predominating;  sometimes  a 
nearly  symmetrical  &-eided  prism  with  a,  b,  m  (Fig.  811).  Often  coarsely 
lamellar,  ||  c  (001)  or  a  (100).  Also  granular,  coarse  or  fine;  rarely  fibrous 
or  columnar. 

Cleavage:  m  (110)  sometimes  rather  perfect,  but  interrupted,  often  only 
observed  in  thin  sections  X  caxi3(Fig.  812). 
Parting  ||  c  (001),  due  to   twinning,  often  *" 

prominent,  especially  in  large  crystals  and 
lamellar  masses  (Fig.  811);  also  ||  a  (100) 
less  distinct  and  not  so  common.  Fracture 
uneven  to  conchoidal.  Brittle.  H.  =  6-6. 
G.  =  3-2-3-6,  varying  with  the  compo- 
sition. Luster  vitreous  inclining  to  res- 
inous; often  dull;  sometimes  pearly  || 
c(OOl)  in  kinds  showing  parting.  Color 
usually  green  of  various  dullshades,  varying 
from  nearly  colorless,  white,  or  grayish 
white  to  brown  and  black;  rarely  bright 
green,  as  in  kinds  containing  chromium; 
also  blue.  Streak  white  to  gray  and  grayish 
green.  Transparent  to  opaque.  Pleo- 
chroism  usually  weak,  even  in  dark-colored 

varieties;  sometimes  marked,  especially  in  violet-brown  kinds  containing 
titanium,  {yiolaiie  is  name  given  to  a  highly  pleochroic  variety  from  the 
Caucasus  Mts.) 


^^ 
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Optically  +.  Birefringeace  strong,  (7  -  a)  «  0-02  -  0-03.  Ax.  pi.  \\' 
b  (010).  Bxa  or  Z  A  c  axis  =^+36^  in  diopaide,  to  +52°  in  augite  (which 
see),  otZ  A  c  (001)  ~  20°  to  $Q.°,  the  angle  in  general  increasing  with  amount 
of  iron.     For  diopside  2  V  «  69?.    a  =  1-673.    fi  =  1-680.    y  =  1-702. 

Comp.  —  For  the  most  gjirt  a  normal  metasilicate,  RSiOs,  chiefly  of 
calciimi  and  magnesium,  also  iron,  less  often  manganese  and  zinc.  The 
alkali  metals  potassium  ancCsodium  present  rarely,  except  in  very  small 
amount.  Also  in  certain  varieties  containing  the  trivalent  metals  aluminium, 
ferric  iron,  and  manganese.  These  last  varieties  may  be  most  simply  con- 
sidered as  molecular  compounds  of  Ca(Mg,Fe)Si206  and  (Mg,Fe)(Al,Fe)iSi06, 
as  suggested  by  Tschermak.  Chromium  is  sometimes  present  in  fflnall 
amount;  also  titanium  "replacing  silicon. 

The  name  Pyroxene  is  from  xvp,  fire  and  (ckm ,  stranger,  and  records  HaQy's  idea  that 
the  mineral  was,  as  he  expresses  it,  ''a  stranger  in  the  domain  of  fire,"  whereas,  in  fact,  it 
is,  next  to  the  feldspars,  t)|e  most  tlniversal  constituent  of  igneous  rocks. 

The  varieties  are  nimierous  and  depend  upon  variations  in  composition  chiefly;  the 
more  prominent  of  the  varieties  pA>perly  rank  as  sub-species. 

Artif.  —  The  monodinic  pyroxene,  M^^iOi,  can  be  crystallised  from  a  melt  having  the 
theoretical  composition  at  temperatures  about  1500°  or  at  a  lower  temperature  from  solu- 
tion in  molten  calcium  or  magnd^um  vanadate.  It  is  the  most  stabk  form  of  Mg3iO>. 
It  has  no  true  melting  point  but  a€^about  1550°  breaks  down  into  forsterite  and  silica. 

I.   Containing  Utile  or  no  Aluminivm 

1.  DioPsroE.  Malacolite,  Alalite.  Calcium'^nuignesium  pyroxene.  For- 
mula CaMg(SiO,),  =  SiUca  55-6,  lime  25-9,  magnesia  18-5  =  100.  Color 
white,  yellowish,  grayish  white  to  pale  green,  and  finally  to  dark  green  and 
nearly  black;  sometimes  transparent  and  colorless,  also  rarely  a  fine  blue.  In 
prismatic  crystals,  often  slender;  also  granular  and  colunmar  to  lamellar  mas- 
sive. G.  =  3 -2-3 -38.  Bx»  A  c  axis  =  +  36°  and  upwards.  7  —  a  =  0*03. 
Iron  is  present  usually  in  smaU  amount  as  noted  below,  and  the  amount 
increases  as  it  graduates  toward  true  hedenbergite. 

The  following  belong  here:  Chrome-dio'psidef  contains  chromium  (1  to  2*8  p.  c.  CrsQt), 
often  a  brigjit  green. 

Malacolite,  as  originally  described,  was  a  pale-colored  translucent  variety  from  Sala, 
Sweden. 

Alalite  occurs  in  broad  right-angled  prisms,  colorless  to  faint  greenish  or  clear  green, 
from  the  Mussa  Alp  in  the  Ala  valley,  Piedmont.  Italy. 

Traversellitej  from  Traversella,  Piedmont,  Italy,  is  similar. 

VioUm  is  a  fine  blue  diopside  from  St.  Marcel,  Fiedmont,  Italy;  occurring  in  prismatic 
crystals  and  massive. 

Canaaniie  is  a  grayish-white  or  bluish-white  p3rroxene  rock  occurring  with  dolomite  at 
Canaan,  Conn. 

Lavrovite  is  a  pyroxene,  colored  green  by  vanadimn,  from  the  neighborhood  of  Lake 
Baikal,  in  eastern  Siberia. 

Diopside  is  named  from  6ts,  twice  or  doitble,  and  o^ts,  appearance.  Malacolite  is  from 
iuaXoKos,  softj  because  softer  than  feldspar,  with  which  it  was  associated. 

2.  Hedenbergite.  Calcium-iron  pyroxene.  Formula  CaFe(SiOa)j  = 
Silica 48*4,  iron  protoxide  29*4,  Ume  222  =  100.  Color  black.  In  crystals, 
and  alflo  lamellar  massive.  G.  =  3 -5-3 -68.  Bx»  A  caxis  =  +  48**.  Man- 
ganese is  present  in  manganhedenbergite  to  6 '5  p.  c.  Color  gra3rish  green. 
G.  =  3-55. 

Between  the  two  extremes,  diopside  and  hedenbergite,  there  are  numerous  transitions 
conforming  to  the  formula  Ca(Mg,Fe)Sis06.  As  the  amount  of  iron  increases  the  color 
changes  from  light  to  dark  green  to  nearly  black,  the  specific  gravity  increases  from  3*2  to 
3*6,  and  the  angle  Bx*  A   c  axis  also  from  36''  to  48*". 
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The  following  are  varietieB^  coming  under  these  two  sub-Bpecies,  based  in  part  upon 
structure,  in  part  on  pecuHarities  of  composition. 

Salite  (Sahlite),  color  grayish  nreen  to  deep  ^een  and  black;  sometimes  grayish  and 

gellowish  white;  in  crystals;  also  liunellar  (partmg  ||  c  (001)),  and  granular  massive;  from 
ala  in  Sweden.  BaikaUte^  a  dark  dingy  green  variety,  in  crystals,  with  parting  ||  c  (001), 
from  Lake  Baikal,  in  Siberia. 

Coccolite  is  a  granular  variety,  embedded  in  calcite,  also  forming  loosely  coherent  to 
compact  aggregates;  color  varying  from  white  to  pale  green  to  dark  green,  and  then  con- 
tainmg  considerable  iron :  the  latter  the  original  coccohte.    Named  from  KOKKOi,  a  arain. 

DiALLAOE.  A  lameliar  or  thin-foliated  pyroxene,  characterised  by  a  fine  lamellar 
structure  and  parting  ||  a  (100),  with  also  partmg  ||  h  (010),  and  less  often  ||  c  (001).  Also  a 
fibrous  structure  ||  c  axis.  Twinning  11  a  (100),  often  polysynthetic;  interiamination  with 
an  orthorhombic  pyroxene  common.  Color  grayish  green  to  bright  graaa-green,  and  deep 
green;  also  brown.  Luster  of  surface  a  (100)  often  pearly,  sometimes  metalloidal  or 
exhibiting  schiller  and  resembling  bronzite,  from  the  presence  of  microscopic  inclusions  of 
secondary  origin.  Bx*  A  c  axis  =  +  39  to  40**;  jS  =  1*681;  y  -  a  «0024.  H.  -  4; 
G.  »  3*2-3*35.  In  composition  near  diopeide,  but  often  containing  alumina  and  some- 
times in  considerable  amount,  then  properly  to  be  classed  with  the  augitesi  Often  changed 
to  amphibole,  see  smaraffdite,  and  uralite,  p.  490.  Named  from  SiaXXoryi?,  difference. 
in  allusion  to  thie  difisimilar  planes  of  fracture.  This  is  the  characteristic  pjrroxene  or 
gabbro,  and  other  related  rocks. 

Omphaciie,  The  granular  to  foliated  pyroxenic  constituent  of  the  garnet-rock  called 
eclogite.  often  interlaminated  with  amphibole  (smaragdite) ;  color  grass-green.  Contains 
some  Al^Oi. 

3.  ScHEFFERiTE.  A  manganese  pyroxene,  sometimes  also  containing 
much  iron.     Color  brown  to  black. 

In  crystals,  sometimes  tabular  ||  c  (001),  also  with  p  (lOl)  prominent,  more  often  elongated 
in  the  direction  of  the  zone  6  (010)  :  p  (TOl),  rarely  prismatic,  ||  c  axis.  Twins,  with  a  (100) 
as  tw.  pi.  v^  common.  Also  crystalline,  massive.  Cleavage  prismatic,  very  distinct. 
Color  yellowish  brown  to  reddish  brown;  also  black  (irtm^WiefferUe), %Oj^ticsJly  +. 
Bxa  or  Z  A  c  axis  »  44^  25i'.  The  iron-schefferite  from.Pajsberg,  Sweden,  is  blade  in 
color  and  has  Z  A  e  axis  »  +  49"*  to  59"*  for  different  zones  in  the  same  crystal.  The 
brown  iron-^chefferite  {vrbanile)  from  Langban,  Sweden,  has  Z  A  c  axis  »  69^  3'.  It 
resembles  garnet  in  appearance. 

JeffersonUe  is  a  manganese-zinc  p3rroxene  from  Franklin  Furnace,  N.  J.  (but  the  zinc 
may  be  due  to  impurity).  In  large,  coarse  crystals  with  edges  roimded  and  faces  uneven. 
Color  greenish  black,  on  the  expo»Bd  surface  chocolat&-brown. 

BUmfardite,  A  pyroxene  containing  some  sodium,  manganese  and  iron.  Strongly  pleo- 
chroic  (rose-pink  to  sky-blue).  Found  with  manganese  ores  in  the  Central  I^vinoes, 
India. 

ClinoenstatUe  has  been  suggested  as  the  name  for  the  monoclinic  magnesium  pyroxene. 

II.  Aluminous 

4.  AuGiTE.  Aluminous  pyroxene.  Comp)osition  chiefly  CaMgSiaOe  with 
(Mg,Fe)(Al,Fe)2Si06,  and  occasionally  also  containing  alkalies  and  then  gradu-^ 
ating  toward  acmite.    Titanium  is  also  sometimes  present.    Here  belong: 

a.  Leucaugite.  Color  white  or  ^]psh.  Contains  alumina,  with  lime  and  magnesia, 
and  little  or  no  iron.  Looks  like  diopeide.  H.  »  6*5;  G.  »  3*19.  Named  from  Xcmcos, 
white. 

b.  Fasbaitb.  Includes  the  pale  to  dark,  sometimes  deep-sreen  crystals,  or  pistachio- 
Kreen  and  then  resembhng  epidote.  The  aluminous  kinds  of  diallage  also  belong  here. 
Named  from  the  locality  in  the  Fassatal,  Tyrol.    Pyrgom  is  from  irvpyuiiJM^  a  toioer. 

c.  AuGiTE.  Includes  the  greenish  or  brownish  black  and  black  kinds,  occurring  mostly 
in  eruptive  rocks.  It  is  usually  in  short  prismatic  crystals,  thick  and  stout,  or  tabular  || 
a  (100);  often  twins  (Figs.  809,  810).  Ferric  iron  is  here  present,  in  a  relatively  large 
amount,  and  the  angle  Bx^  A  c  axis  becomes  +  50°  to  52°.  fi  »  1*717;  7  j-  a  '«  0*0^. 
TiOs  is  present  in  some  kinds,  which  are  then  pleochroic.    Named  from  avyi^  lusUr. 

d.  Alkali-axtqite.  Here  belong  varieties  of  augite  characterized  by  the  presence  of 
alkalies,  especially  soda;  they  approximate  in  composition  and  optically  to  acmite  and 
ajgirite  (Bx«  A  c  axis  —  60°,  Fig.  814),  and  are  sometimes  called  segirite-augite  (cf.  Fig.  818, 
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p.  480).  'Known  chiefly  from  rodcs  rich  in  alkalies,  as  ebBoliteHByenite,  phonolite^  leu- 
citite,  etc. 

Pyr.,  etc.  —  Varying  widely,  owing  to  the  wide  variations  in  composition  in  tiie  differ- 
ent varieties,  and  often  by  insensible  gradations. 
Fusibility,  3*75  in  diopside;  3'5  in  salite,  baikalite, 
and  omphacite:  3  in  jefferaonite  and  augite;  2*5  in 
hedenb^gite.  Varieties  rich  in  iron  afford  a  mag- 
netic i^obule  when  fused  on  charcoal,  and  in  general 
the  fusibility  varies  with  the  amount  of  iron.  Many 
varieties  give  with  the  fluxes  reactions  for  man- 
ganese.   Most  varieties  are  unacted  upon  by  acids. 

Diff . — Characterised  by  monoclinic  crystallisation 
and  the  prismatic  angle  of  87*^  and  93°,  hence  yidd- 
ing  nearly  square  prisms;  these  may  be  mistaken  for 
scapohte  if  terminal  faces  are  wanting  or  indistinct 
(but  scapolite  fuses  easily  B.  B.  with  intumesc^ice). 
The  oblique  parting  (||  c  (001),  Fig.  811)  often 
distinctive,  also  the  conunon  aull  ^reen  to  gray  and 
brown  colors.  Amphibole  differs  m  prismatic  angle 
(55i°  and  124^°)  and  cleavage,  and  m  having  com- 
mon columnar  to  fibrous  varieties,  which  are  rare 
with  pyroxene.     (See  also  p.  486.) 

Mkro.-The  common  rock-formin^  pyroxenes 
are  dtstinguished  in  thin  sections  by  their  high  reUef ;  usually  greenish  to  ohve  tones  of 
color;  distinct  system  of  interrupted  cleavage-cracks  crossing  one  another  at  nearlv  ri^t 
angles  in  sections  ±  c  axis  (Fig.  812);  high  interference-colors;  general  lack  of  pieo- 
chroism;  large  extinction-angle,  SS^'toSO^  and  hisher,  for  sections  ||  6  (010).  The  last- 
named  sections  are  easily  recognised  by  showing  the  highest  interference  colors;  yielding 
no  opticid  figures  in  convergent  Ikht  and  having  parallel  cleavage-cracks,  the  latter  in 
the  direction  of  the  vertical  axis.    See  also  sgirite,  p.  480. 

A  sonal  banding  is  common,  the  successive  laminas  sometimes  differing  in  extinction- 
an^e  and  pleochroism;  also  tha  hour-glass  structure  occasionally  distinct 
(Fig.  815,  from  Lacroix). 

Obs.  —  Pyroxene  is  a  very  common  mineral  in  igneous  rocks,  being  the 
most  important  of  the  ferromagnesian  minerals.  Some  rocks  consist  almost 
entirely  of  pjrroxene.  It  most  commonly  occurs  in  volcanic  rocks  but  is 
found  also,  out  less  abundantly,  in  connection  with  granitic  rocks.  It  is 
a  common  mineral  in  crystalline  limestone  and  dolomite,  in  serpentine  and 
metamorphic  schists;  sometimes  forms  large  beds  or  veins,  especially  in 
Archffian  rocks.  It  occurs  also  in  meteorit^.  The  pvroxene  of  limestone 
is  mostly  white  and  light  green  or  gray  in  color,  falling  imder  diotmde 
(malacohte,  saUte,  coccolite);  that  of  most  other  metamorphic  rocks  is 
sometimes  white  or  colorless,  but  usually  green  of  different  shades,  from 
pale  ^een  to  greenish  black,  and  occasionally  black;  that  of  serpentine  is 
sometimes  in  fine  crystals,  but  often  of  the  foliated  green  kind  called 
diaUage;  that  of  eruptive  rocks  is  usually  the  black  to  greenish  black  attgUe. 

In  limestone  the  associations  are  often  amphibole,  scapolite,  vesuvianite,  garnet,  ortho- 
dase,  titanite,  apatite,  phlogopite,  and  sometimes  brown  tourmaline,  chlorite,  talc,  sircon, 
spind,  rutile,  etc.;  and  in  oUier  metamorphic  rocks  mostly  the  same.  In  eruptive  rocks  it 
may  be  in  distinct  embedded  crystals,  or  in  grains  without  external  crystalline  form;  it 
often  occurs  with  similarly  disseminated  chrysolite  (olivine),  crystals  of  orthoclase  (sani- 
dine),  labradorite,  leucite,  etc.;  also  with  a  rhombic  pyroxene,  amphibole,  etc. 

Pyroxene,  as  an  essential  rock-making  mineral,  is  especially  common  in  bade  eruptive 
rocks.  Thus,  as  ausite,  with  a  triclinic  feldspar  (usually  labradorite),  magnetite,  often 
chiTSolite,  in  basalt,  basaltic  lavas  and  diabase;  in  andedte;  also  in  trachyte;  in  peridotite 
and  pikrite;  with  nephelite  in  phonolite.  Further  with  ekeolite,  orthoclase,  etc.,  in 
elsBohte-syenite  and  augite-syenite:  also  as  diallage  in  ^bbro;  in  many  peridotites  and  the 
serpentines  formed  from  them;  asoiopside  (malacolite)  in  crystalline  schists.  In  limburg- 
ite,  augititc  and  pyroxenite,  pyroxene  is  present  as  the  prominent  constituent,  while  feld- 
spar is  absent;  it  may  also  form  rock  masses  alone  nearly  free  from  associated  minerals. 

Diopside  (alalite,  mussite)  occurs  in  fine  crystals  on  the  Mussa  Alp  in  the  Ala  valley  in 
Piedmont,  Italy,  associated  with  garnets  (hessonite)  and  talc  in  veins  traversing  serpentine; 
in  fine  cr3rstals  at  TraversdQa,  Pigment;  at  Zermatt  in  Switzerland;  Schwarsenstem  in  the 
Zillertal,  Ober-Sulsbachtal,  and  elsewhere  in  Tyrol  and  in  the  Salsburg  Alps;  Rdchenstdn, 
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Silesia,  Germany;  Ober-SuUsbachtal  and  elsewhere  in  Tyrol  and  in  the  Sabburg  Alps; 
Reichenstein  Lake:  Rezb&nya,  Hungary;  Achmatovsk  in  the  Ural  Mts.,  with  almandite, 
clinochlore;  Lake  jBaikal  (baikalite)  m  eastern  Siberia;  Pargas  in  Finland;  at  Nordmark, 
Sweden. 

Hedenbergiie  is  from  Tunaberg  and  Nordmark,  Sweden;  Arendal,  Norway.  Mangan- 
hedenbergite  from  Vester  Silfberg,  Sweden;  8chefferiie  from  L&ngban,  Sweden. 

Augile  (including  fassaite)  occurs  on  the  Pesmeda  Alp,  Mt.  Monzoni,  and  elsewhere  in  the 
Fassatal,  TVrol,  as  a  contact  formation;  at  Carlsbad  and  Teplitz,  Bohemia;  Traversella, 
Piedmont,  Italy;  the  Laacher  See,  Eifel  and  Sasbach  in  the  Kaiserstuhl,  Germany;  in 
Italy  at  Vesuvius,  white  rare,  green,  brown,  yellow  to  black,  Frascati,  Etna;  the  Azores  and 
Cape  Verde  Islands;  the  Hawaiian  Islands,  and  many  other  regions  of  volcanic  rocks: 

In  North  America,  occurs  in  Me.,  at  Raymond  and  Rumford,  diopside,  salite,  etc.  In 
Vt. ,  at  Thetford,  black  augite,  with  chr3r8olite,  in  bowlders  of  basalt.  In  Conn.,  at  Canaan, 
white  crystals,  often  externally  changed  to  tremolite,  in  dolomite;  also  the  pyroxenic  rock 
called  canaanite.  In  N.  Y.,  at  Warwick,  fine  crystals;  in  Westchester  Co.,  white,  at  the 
Sing  Sing  quarries;  in  Orange  Co.,  in  Monroe,  at  Two  Ponds,  crystals,  often  large,  m  lime- 
stone: near  Greenwood  furnace,  and  also  near  Edenville;  in  Lewis  Co^  at  Diana,  white 
and  black  crystals;  in  St.  Lawrence  Co.,  at  Fine,  in  lar^e  crystals;  at  De  Kalb,  fine  diopside; 
also  at  Gouvemeur,  Rossie,  Russell,  Pitcaim;  at  Monah,  coccohte,  in  limestone.  In  N.  J., 
Franklin  Furnace,  Sussex  Co.,  good  crystals,  also  jeffersonite.  In  Pa.,  near  Attleboro, 
crystals,  and  granular;  in  Pennsbury^  at  Burnett's  auany,  diopside;  at  the  French  Creek 
mmes,  Chester  Co^chiefly  altered  to  nbrous  amphiboie.     In  Tenn.,  at  the  Ducktown  mines. 

In  Canada,  at  Calumet  Island,  grayish  green  crystals  in  limestone;  in  Bathurst,  color- 
less or  white  crystals;  at  Grenville,  <iark  green  crystals,  and  granular;  Burgess,  Lanark 
Co.;  Renfrew  Co.,  with  apatite,  titanite,  etc.;  crystals  from  Adams  Lake,  Ontario;  Orford. 
Sherbrooke  Co.,  white  crystals,  also  of  a  chrome-green  color  with  chrome  garnet;  at  Hull 
and  Wakefield,  white  crystids  with  nearly  colorless  samets,  honey-yellow  vesuvianite,  etc. 
At  many  oth^  points  in  the  Archsan  of  Quebec  ana  Ontario,  especially  in  connection  with 
the  apatite  deposits. 

Pyroxene  undergoes  alteration  in  different  ways.  A  change  of  molecular  constitution 
without  essential  change  of  composition,  i.e.,  by  paramorphism  (using  the  word  rather 
broadly),  may  result  in  the  formation  of  some  variety  of  amphiboie.  Thus,  the  white 
pyroxene  crystals  of  Canaan,  Conn.,  are  often  changed  on  the  exterior  to  tremolite;  sim- 
ilarly with  other  varieties  at  many  localities.  See  uralUef  p.  490.  Also  changed  to  steatite, 
serpentine,  etc. 

PiGEONrTE,  is  the  name  given  to  a  pyroxene  with  small  and  variable  axial  angle  from 
Pigeon  Point,  Minn. 

ACMITE.    iEoiRrrE. 

Monoclinic.    Axes:  a:b:c^  10996  : 1  : 0-6012;  /3  =  73**  11'. 

Twins:  tw.  pi.  a  (100)  very  common;  crystals  often  polysynthetic,  with 
enclosed  twinning  lamellse.  Crystals  long  prismatic,  vertically  striated  or 
channeled;  acute  terminations  very  characteristic. 

The  above  applies  to  ordinary  acmite.  For  (BgirUe,  crystals  prismatic,  blimtly  termi- 
nated; twins  not  common;  also  m  groups  or  tufts  of  slender  acicular  to  capillary  crystals, 
and  in  fibrous  forms. 

Cleavage:  m  (110)  distinct;  h  (010)  less  so.  Fracture  uneven.  Brittle. 
H.  ==  6-6'5.  G.  =  3*50-^3 -55.  Luster  vitreous,  inclining  to  resinous.  Streak 
pale  yellowish  gray.  Color  brownish  or  reddish  brown,  green;  in  the  fracture 
blackish  green.  Subtransparent  to  opaque.  Optically  --.  Ax.  pi.  ||  6  (010). 
Bxa  or  X  A  c  axis  =  +2^**  acmite,  to  6°  aegirite.  a  =  1763.  fi  =  1799, 
7  =  1-813. 

Var.  —  Includes  acmUe  in  sharp^pointed  cryrstals  (Fig.  816)  often  twins.  Bxa  A  c  axis 
=  5i'*-6°.  Also  cegirUe  (Fig.  817)  in  crystals  bluntly  terminated,  twins  rare,  Bxa  A  c  axis 
«  2^-31°. 

Crystals  of  acmite  often  show  a  marked  zonal  structure,  ^een  within  and  brown  on  the 
exterior,  particularly  ||  a  (100),  b  (010),  p  (101).  a  (111).  The  brown  portion  (acmite)  is 
feebly  pleochroic,  the  green  (»girite)  strongly  pleochroic.  Both  have  absorption  X  >  Y 
>  Zj  but  the  former  has  X  light  brown  with  tinge  of  green,  Y  greenish  yellow  with  tinge  of 
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Con^.  —  EsaenUaUy  NaFe(SiO,),  or  Na,O.Fe,0,.4SiOi  - 
Silica  520,  iron  seequloxide  346,  soda  13'4  «  100.     Fenoas 
g  .         iron  is  also  [M-esent. 

PjT-  «tc.  —  B.B.  fusee  at  2  to  a  liuboiu  bUck  iub- 
netic  ^bule,  ooloru«  the  flame  deep  yeQow;  witli  the 
fluxeB  reacts  for  iron  and  sometimee  mang&iuse.  Si^tly 
acted  upon  b;  adds. 

Micro.  —  jGgirite  ia  ehamct«riwd  in  thin  eectkHU  by 
it«  Daas-green  color;  strong  t^leochroism  in  tones  of  green 
andyellow;  the  small  eitinction-ftn^e  in  sectiou  ]I6<010). 
Distinguished  from  common  (creen  hombloide,  witji  which 
it  mi^t  be  confounded,  by  the  fact  that  in  such  aectiona 
the  direction  of  extinctiijh  lying  near  the  cleavage  is  neg- 
ative (X),  while  the  same  oirection  in  hcmiblraide  is  pos- 
itive <Z). 
^Igirite 

conditions  only  a  ^ass  containing  erystaU  c^  magnetite  is  formed. 

Obs.  ~-  The  original  aeniie  occun  in  a  pegmatite  vein;  at  Rundemyr, 

east  of  the  little  lake  called  RokeberBtkjern,  in  the  parish  erf  EM^er,  near 

Acmite        Kon^ben,  Norway.    It  is  in  slender  crystals,  sometimes  a  foot  long, 

embeddea  in  feldspar  and  quarti. 

Xgirite  occurs  especially  in  igneous  rocks  rich  in  soda  and  containing  iron,  commonly  in 

locks  containing  leucite  or.  nephelite;  thus  in  i^irite^ranite,  aephdite-syenite,  and  some 

^.^^i~.  rj  »K^»i:».  „».~.  ._  „._i.  -^. —  iron-ore  grains  are  wanting  in  the  rock,  thar 


>  greeniut  ctdor  due  to  the 
abundance  of  minute  crystals  of 
Kgirite.  Larg^e  crystals  are  found 
in  the  pegmatite  faciee  of  nephelite- 
^enites  as  in  West  Greenland, 
Southern  Norway,  the  peninsula 
Kola  in  Russian  lApland,  Ditro  in 
Transylvania. 

E>rominent  Amoican  occurrences 
are  the  following:  Maniet  Cove. 
Ark.  (larse  crystals);  Salem  and 
Quincy,  Mass.;  Libotyville,  N.  J. 
(dike);  Trans  Pecos  district  in 
Texas;  Black  Hills,  S.  D.;  Cripple 
Creek,  Col.;  Bearpaw  Mts.,  Judith 
Mts.  and  the  CruyMts.  ui  Mon.; 


SPODUHENE.    Triphane. 

Monoclinic.    Axes  a:h:c  =  11238  :  1  :  0-6355;  ^  =  69'  40'. 

Twina:  tw.  pi.  a  (100).     Crystals  prisaiatic  (mm'"  110  A  110  -  93°  00, 
often  Battened  ij  a  (100) ;  the  vertical  planes  striated  and  fiuTowed ;'  crystals  . 
sometimes  very  la^ge.     Also  massive,  cleavable. 

Cleava^  m  (110)  perfect.    A  lameUar  structure  ||  a  (100)  sometimes  very 


SILICATES 


481 


Norwich,  Mass        Hiauenite 

Generally  contains  a  little 


prominent,  a  crystal  then  separating  into  thin  plates.  Fracture  uneven 
to  subconchoidal.  Brittle.  H.  =  6*5--7.  G.  =  3-13~3"20.  Luster  vitreous, 
on  cleavage  surfaces  somewhat  pearly.  Color  greenish  white,  grayish  white, 
yellowish  green,  emerald-green,  yellow,  ame- 
thystine purple.  Streak  white.  Transparent 
to  translucent.  Pleochroism  strong  in  deep 
green  varieties.  Optically  +.  Ax.  pi.  || 
b  (010).  Bju  A  c  axis  =  +  26**.  Dispersion 
p  >  V,  horizontal.  2  V  -  SS*".  a  =  1-651. 
p  =  1-669.     7  =  1-677. 

Uiddenite  has  a  yellow-green  to  emerald-green  color; 
the  latter  variety  is  used  as  a  gem.  In  small  (}  to  2 
inches  long)  slender  prismatic  crystals,  faces  often 
etched. 

KumUe  is  a  clear  lilac-colored  variety  found  near 
Pala,  San  Diego  Co.,  California,  and  also  at  Vanakarata, 
Madagascar .  The  unaltered  material  from  Branch viUe, 
Conn.,  shows  the  same  color.    Used  as  a  gem  stone. 

Comp:  —  IiAl(Si03)2  or  LijO. Al208.4Si02  = 
Silica    64-5,  alumina    27-4,  Uthia  84  =  100. 

sodium;    the  variety  hiddenite    also  chromium,  to  which  the  color  may 
be  due. 

Pyr.,  etc.  —  B.B.  becomes  white  and  opaque,  swells  up,  imparts  a  puiple-red  color 
(lithia)  to  the  flame  (sometimes  obscured  by  sodium),  and  fuses  at  3*5  to  a  clear  or  white 
glass.  Not  acted  upon  by  acids.  Kunzite  shows  strong  phosphorescence  with  an  orange- 
pink  color  when  excited  by  an  oscillating  electric  discharge,  by  ultra  violet  rays,  X-rays,  or 
radium  emanations. 

Diff.  —  Characterized  by  its  perfect  parting  J|  a  (100)  (in  some  varieties)  as  well  as 
by  prismatic  cleavage;  has  a  himer  specific  gravity  and  more  pearly  luster  than  feldspar 
or  scapohte.    Gives  a  red  flame  B.B.    Less  fusible  than  ambly^^nite. 

Alter.  —  Spodumene  undergoes  very  commonly  cjteration.  First  bv  the  action  of  solu- 
tions containing  soda  it  is  changed  to  a  mixture  of  eucryptite,  LiAlSiO^,  and  aJbite,  NaAl 
SisOg.  Later  tnrough  the  influence  of  potash  salts  the  eucryptite  is  chan^d  to  muscovite. 
This  resulting  mixture  of  albite  and  muscovite  is  known  as  cymatoliUy  having  a  wavy 
fibrous  structure  and  silky  luster .  These  alteration  products  are  well  shown  in  the  specimens 
from  Branch vUle,  Conn. 

Artif .  —  An  artificial  spodumene  has  been  obtained  tof^ther  with  other  silicates  by 
fusing  together  lithium  carbonate,  alumina  and  silica.  This  spodumene  differs,  however, 
from  the  natural  mineral  in  its  optical  properties  and  has  been  called  fi-^vodumene.  The 
natural  mineral,  or  spodumene,  is  transformed  into  the  /3  modification  on  neating  to  1000^. 

Obs.  —  Spodumene  occurs  in  p^matite  veins,  sometimes  in  crystals  of  very  great  size. 
Cr3rstals  from  the  Etta  tin  mine,  S.  D.,  with  faces  up  to  40  feet  in  length  have  bc^n  reported. 
Occurs  on  the  island  of  Utd,  Sweden;  at  Killiney  Bay,  Ireland;  in  small  transparent  crystals 
of  a  pale  yellow  in  Brazil,  province  of  Minas  Geraes.  Variously  colored  spodumene  from 
Madagascar. 

In  the  United  States,  in  granite  at  Goshen,  Mass^  also  at  Chesterfield,  Chester,  Hunt- 
ington (formerly  Norwich),  and  Sterling,  Mass.;  at  Windham,  Me.,  with  garnet  and  stau- 
roiite  and  at  Peru,  with  beryl,  triphylite,  petaHte.  In  Conn^  at  Branchville,  the  crystals 
often  of  immense  size;  near  Stony  Point,  Alexander  Co.,  N.  C.  (hiddenite);  in  S.  D.  at  the 
Etta  tin  mine  in  Pennington  Co.    Kunzite  from  Pala,  Cal. 

The  name  spodumene  is  from  <rTodi6s,  ash-colored,  Hiddenite  is  named  for  W.  E. 
Hidden  and  Kumite  for  Dr.  G.  F.  Kunz. 

Use.  —  The  colored  transparent  varieties  are  used  as  gem  stones;  see  above. 

JADBITE. 

Monoclinic.  Axes,  see  p.  471.  Cleavage  and  optical  characters  like 
pjrroxene.  Usually  massive,  with  crystalline  structure,  sometimes  granular, 
also  obscurely  columnar,  fibrous  foliated  to  closely  compact. 
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Cleavage:  prismatic,  at  angles  of  about  93^  and  87^;  also  ||  a  (100)  diffi- 
cult. Fracture  splintery.  Extremely  tough.  H.  =  6-5-7.  G.  =  3-33-3 -35. 
Luster  subvitreous,  pearly  on  surfaces  of  cleavage.  Color  apple-green  to 
nearly  emerald-green,  bluish  green,  leek-green,  greenish  white,  and  nearly 
white;  sometimes  white  with  spots  of  bright  green.  Optically  -h.  Bx»  A 
c  axis  =  30"*  to  40^.  2  V  =  72**.  /3  =  1-654.  Streak  uncolored.  Trans- 
lucent to  subtranslucent. 

Comp.  —  Essentially  a  metasilicate  of  sodium  and  aluminium  corre- 
sponding to  spodumene,  NaAl(SiOs)i  or  NajO.Al20«.4Si02  =  Silica  59-4, 
alumina  252,  soda  154  =  100. 

Chlaromelanite  is  u  dark  green  to  nearly  black  kind  of  iadeite  (hence  the  name),  contain* 
ing  iron  sesquioxide  and  not  conforming  exactly  to  the  above  formula. 

Pyr.,  etc.  —  B.B.  fuses  readily  to  a  transparent  blebby  glass.  Not  attacked  by  acids 
after  fusion,  and  thus  differing  from  saussurite. 

Obs.  —  Occurs  chieflv  in  eastern  Asia,  thus  in  the  Mogoun^  district  in  Upper  Burma, 
in  a  valley  25  miles  southwest  of  Meinkhoom,  in  rolled  masses  in  a  reddish  day;  in  Yung- 
chang,  province  of  Yunnan,  southern  China;  in  Thibet.  Much  imcertainty  prevails,  how- 
ever, as  to  the  exact  localities,  since  jadeite  and  nephrite  have  usually  been  confused  with 
each  other.  Mav  occur  also  on  the  American  continent,  in  Mexico  and  South  America; 
perhaps  also  in  Europe. 

Jadeite  has  long  been  highly  prized  in  the  East,  especially  in  China,  where  it  is  worked 
into  ornaments  and  utensils  of  great  variety  and  beauty.  It  is  also  found  with  the  relics  of 
early  man,  thus  in  the  remains  of  the  lake-dwellers  of  Switserland,  at  various  points  in 
France,  in  Mexico,  Greece,  Esrpt,  and  Asia  Minor. 

A  pyroxene,  resembling  jadeite  in  structure  and  consisting  of  the  molecules  of  jadeite, 
diopside,  and  acmite  in  nearly  equal  proportions,  occurs  at  the  manganese  mines  of  St. 
Marcel,  Italv. 

Use.  —  As  the  material  jade,  is  used  as  an  ornamental  stone.    See  below. 

Jade  is  a  general  term  used  to  include  various  mineral  substances  of  tough,  compact 
texture  and  nearly  white  to  dark  green  color  used  by  early  man  for  utensils  ana  ornaments, 
and  still  highly  valued  in  the  East,  especially  in  dnina.  It  includes  properly  two  species 
only;  nephrite^  a  variety  of  amphibole  (p.  489),  either  tremolite  or  actinolite,  with  G.  =» 
2*95-3*0.  axid  jadeite,  of  the  pyroxene  group  and  in  composition  a  soda-spodumene,  with 
G.  «  3*3-3-35:  easUy  fusible. 

The  jade  of  China  belongs  to  both  species,  so  also  that  of  the  Swiss  lake-habitations  and 
of  Mexico.  Of  the  two,  however,  the  former,  nephrite,  is  the  more  common  and  makes  the 
jade  (ax  stone  or  Punamu  stone)  of  the  Maoris  of  New  Zealand;  also  found  in  Alaska. 

The  name  jade  is  also  sometimes  loosely  used  to  embrace  other  minerals  of  more  or  less 
similar  characters,  and  which  have  been  or  might  be  similarly  used  —  thus  sillimanite,  pec- 
tolite,  serpentine;  also  vesuvianite^  garnet.  Bowenite  is  a  jade-like  variety  of  serpentine. 
The  '^jade  tenace"  of  de  Saussure  is  now  called  saussurite. 

WOLLASTONITE.    Tabular  Spar 

Monoclinic.    Axes  a:b:c=^  10531  :  1  :  0-9676;  j8  =  84°  30'. 

ft««  mm'",  110  A  iTO  -  92°  42'. 

^? M'",    540  A  6i0  =  79**  68'. 

^ *•  gi/,      Oil  A  Oil  =  87°  61'. 


S. 


cv,        001  A  101  «=  40°    3'. 

^ ^  ^  cr,        001  A  501  =  74°  59'. 

i  ct,        001  A  TOl  =  46°    5'. 


tabular 


*"*'  Twins:    tw.   pi.  a  (100).      Crystals   commonly 


a  (100)  or  c  (001);    also  short  prismatic.    Usually  cleavable  mas- 
sive to  fibrous,  fibers  parallel  or  reticulated;  also  compact. 

Cleavage:  a  (100)  perfect;  also  c  (001);  t  (TOl)  less  so.  Fracture  uneven. 
Brittle.  H.  =  4*5-5.  G.  =  2-8-2-9.  Luster  vitreous,  on  cleavage  surfaces 
pearly.  Color  white,  inclining  to  gray,  yellow,  red,  or  brown.  Streak  white. 
Subtransparent  to  translucent.    Optically  — .    6x4  A  c  axis  =  +  32**.     EHs- 
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persion  p  >  v,  inclined  distinct.    Ax.  pi.  |i  6  (010).     2E  =  70°;  a  =  1'621. 
fi  =  1-633.     7  =  1'635. 

Comp.  —  Calcium  metasilicate,  CaSiOj  or  CaO.Si02  =  Silica  517,  lime 
48-3,  =  100. 

When  woilastonite  is  heated  above  1190^  C.  it  develops  a  basal  cleavage,  becomes  pseudo- 
hexagonal,  optically  positive,  nearly  uniaxial  but  probably  monoclinic.  This  material  has 
been  called  pseudowotlaatonite. 

Pyr.,  etc.  —  B.B.  fuses  quietly  to  a  white,  almost  glassy  globule.  With  hydrochloric 
acid  decomposed  with  separation  of  silica;  most  varieties  effervesce  sUghtly  from  the  pres- 
ence of  calcite.    Often  phosphoresces. 

Micro.  —  In  thin  sections  woUastonite  is  colorless  with  a  moderate  relief  and  medium 
birefringence.  The  plane  of  the  optic  axes  is  usually  normal  to  the  elongation  of  the 
crystals. 

Artif .  —  WoUastonite  may  be  obtained  artificially  by  heating  a  glass  of  the  composition 
CaSiOs  to  between  800 '^  and  1000°.  At  higher  tenv)erature8  the  pseudowollastonite  modi- 
fication is  obtained. 

Obs.  —  WoUastonite  is  found  especially  in  granular  limestone,  and  in  regions  of  gitmite, 
as  a  contact  formation;  it  is  very  rare  in  eruptive  rocks.  It  is  often  associated  with  a  Ume 
garnet,  diopside,  etc. 

Occurs  m. Hungary  in  the  copper  mines  of  Cxiklowa  in  the  Banat;  at  Pargas  in  Finland; 
at  Harzburg  in  the  Harz  Mts.,  Germanv;  at  Auerbach.  Hesse.  Germany,  in  ^anular  lime- 
stone; at  Vesuvius,  rarel]^  in  fine  crystals:  on  the  islands  of  EUba  and  Santorm. 

In  the  United  States,  in  N.  Y.,  at  Willsborough;  Diana,  Lewis  Co.;  Bonaparte  Lake, 
Lewis  Co.  In  Pa.,  Bucks  Co.,  3  m.  west  of  Attleooro;  in  Cal.,  at  Crestmore.  In  Canada, 
at  GrenviUe;  at  St.  J^dme  and  Mohn,  Quebec,  with  apatite. 

Named  after  the  EngUsh  chemist,  W.  H.  WoUaston  (17G&-1828X 

Alamosite.  Lead  metasiUcate,  PbSiOt.  Closely  related  to  woUastonite  in  crystal 
forms.  MonocUnic.  In  radiating  fibrous  aggregates.  Cleavage  l|  b  (010).  G.  =  6'5. 
H.  ^  4*5.  Colorless  or  white.  Refractive  index  about  1*96.  Found  near  Alamos,  Sonora, 
Mexico. 

PECTOLITE. 

Moneclinic.    Axes  a  :  6  :  c  =  1*1140  :  1  :  0*9864;  jS  =  84"*  40'. 

Commonly  in  close  aggregations  of  acicular  crystals;  elongated  {|  6  axis, 
but  rarely  terminated.     Fibrous  massive,  radiated  to  stellate. 

Cleavage:  a  (100)  and  c  (001)  perfect.  Fracture  uneven.  Brittle.  H.  =  5. 
G.  =  2*68-2-78.  Luster  of  the  surface  of  fracture  silky  or  subvitreous. 
Color  whitish  or  grayish.  Subtranslucent  to  opaque.  Optically  +.  Ax.  pi. 
and  Bxa  i.  *  (010);  Bxo  nearly  i.  a  (100).    2  V  =  60°.    /3  =  161. 

Comp.  —  HNaCa2(SiO,)3  or  H20.Na20.4Ca0.6Si02  =  Silica  54-2,  lime 
33-8,  soda  9-3,  water  27  =  100. 

Pectohte  is  sometimes  classed  with  the  hydrous  species  allied  to  the  zeolites. 

Pyr.,  etc.  —  In  the  closed  tube  yields  water.  B.B.  fuses  at  2  to  a  white  enamel.  De- 
composed in  piart  by  hydrochloric  acid  with  separation  of  siUca  as  a  jelly.  Often  gives  out 
light  when  broken  m  the  dark. 

Obs.  —  A  secondary  mineral,  occurring  like  the  zeolites  mostly  in  basic  eruptive  rocks, 
in  cavities  or  seams;  occasionally  in  metamorphic  rocks.  Found  in  Scotland  near  Edin- 
burgh; at  Kilsjrth,  Corstorphine  Hill  (walkerUe) ;  Island  Skye.  Also  at  Mt.  Baldo  and  Mt. 
Monzoni  in  the  Tyrol;  at  Niederkirchen,  Bavaria  (osmelite). 

Occurs  also  at  Bergen  Hill,  Paterson  and  Great  Notch,  N.  J. :  Lehigh  Co.,  Pa.;  compact 
at  Isle  Royale,  Lake  Superior;  at  Ma^et  Cove,  Ark.,  in  elseoute-syenite  (manganpectolite 
with  4  p.  c.  MnO);  compact,  massive  m  Alaska,  where  used,  like  jaSe,  for  implements. 

Schizolite.  Like  manganpectolite,  HNa(Ca,Mn)2(SiO»)»,  but  triclinic.  In  prismatic 
crystals.  Two  cleavages.  H.  =  5-5-5.  G.  *  3-0-3-1.  Color  light  red  to  brown.  From 
the  nepheline  syenite  of  Juhanehaab,  southern  Greenland. 

Rosenbuschite.  Near  pectolite,  but  contains  zirconium.  Index,  1-66.  From  Norway. 
In  nepheUte-syenite-porphyry,  Red  HiU,  Moultonboro,  N.  H. 
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WShlerite.  A  sirconium-silicate  and  niobate  of  Ca,  Na,  etc.  In  prismatic,  tabular 
crystals,  yellow  to  brown.  Indices.  r700^r726.  Occurs  in  eliBolite-syaiitey  on  several 
islands  of  the  Langesund  fiord,  near  Brevik,  in  Norway.    In  syenite  from  Red  Hill,  N.'  H. 

Livenite.  A  complex  ziroonuim-silicate  of  Mn,  Ca,  etc.,  containing  also  F,  Ti,  Ta,  etc. 
In  yellow  to  brown  prismatic  crystals.  Index.  1*750.  Found  on  the  island  Laven  in  the 
Langesund  fiord,  southern  Norway;  also  elsewnere  in  elsolite-syenite. 


y.  TricUnic  Section 


RHODONITE. 


TricUnic.  Axes  a\h:c-^  107285  :  1  :  0-6213;  a  =  103**  18';  /S  =  108° 
44';  7  =  81^  39'. 

Crystals  usually  large  and  rough  with  rounded  edges.  Commonly  tabular 
II  c  (001);  sometimes  resembling  pyroxene  in  habit.  Commonly  massive, 
cl^vable  to  compact;  also  iii^ embedded  grains. 

Cleavage:  m  (110),  M  (iTO)  perfect;  c  (001)  less  perfect.  Fracture  oon- 
choidal  to  uneven;  very  tough  when  compact.  H.  =  5-5-6-5.  G.  =  3*4- 
3-68.  Luster  vitreous;  on  cleavage  surfaces  somewhat  pearly.  Color  light 
brownish  red,  flesh-red,  rose-pink;  sometimes  greenish  or  yellowish,  when 
impure;  often  black  outside  from  exposure.  Streak  white.  Transparent  to 
translucent.    Optically  —.    j8  =  1'73. 

Comp.  —  Manganese  metasilicate,  MnSiOj  or  MnO.SiOj  =  Silica  45-9, 
manganese  protoxide  54*1  —  100.  Iron,  calcium  (in  bustamite),  and  occasion- 
ally zinc  (in  fowlerite)  replace  part  of  the  manganese. 


884 


825 


ab, 

100  A  010  -  94**  26'. 

mMj 

110  A  110 

ac, 

100  A  001  =  72°  36J'. 

CTlf 

001  A  221 

bCf 

010  A  001  =  78**  42J'. 

ck, 

001  A  221 

artij 

100  A  110  =  48°  33'. 

tCTlj 

221  A  251 

Franklin  Furnace,  N.  J. 

92°  28i'. 
73°  62'. 
62°  23'. 
86°    5'. 

Pyr.,  etc.  —  B.B.  blackens  and  fuses  with  sli^t  intumescence  at  2'5;  with  the  fluxes 
gives  reactions  for  manganese;  fowlerite  gives  with  soda  on  charcoal  a  reaction  for  sine. 
Slightly  acted  upon  by  acids.  The  calciferous  varieties  often  effervesce  from  mechanical 
admixture  of  calcium  carbonate.  In  powder,  partly  dissolves  in  hydrochloric  acid,  and 
the  insoluble  part  becomes  of  a  white  color.  Darkens  on  exposure  to  the  air,  and  somc^ 
times  becomes  nearly  black. 

Diff.  —  Characterized  by  its  pink  color;  distinct  cleavages;  hardness;  fusibility  and 
manganese  reactions  B.B. 

Obs.  —  Occurs  in  Sweden  at  L&ngban,  Wermland^  in  iron-ore  beds,  in  broad  deavage- 
plateSj  and  also  granular  massive,  and  at  the  Pajsberg  iron  mines  near  Filipstad  (wUsbergite) 
sometimes  in  small  brilliant  crystals;  in  the  district  of  Ekaterinburg  in  the  Ural  Mts.,  mas- 
sive like  marble,  whence  it  is  obtained  for  ornamental  purposes;  with  tetrahedrite  at  Kap- 
nik  and  Rezbdnya,  Hungry-  St.  Marcel,  Piedmont,  Italy;  Mexico  {bustamiUj  containing 
CaO).     In  crystals  from  Broken  HiU,  New  South  Wales. 

Occurs  in  Cummington,  Mass.;  on  Osgood's  farm,  Blue  Hill  Bay,  Me.;  fowlerite  (con- 
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taming  ZnO)  at  Mine  Hill,  Franklin  Furnace,  and  Sterling  HUl,  near  Ogdenaburgh,  N.  J., 
usually  embedded  in  calcite  and  sometimes  in  fine  crystals. 

Named  from  poiwf  a  rose,  in  allusion  to  the  color. 

Rhodonite  is  often  altered  chiefly  by  oxidation  of  the  MnO  (as  in  marcdine,  dyasnite) ; 
also  by  hydration  (stratopeite,  neoiocite,  etc.);  further  by  introduction  of  COs  (aUagite, 
photidUf  etc.). 

Use.  —  Rhodonite  at  times  is  used  as  an  ornamental  stone. 

Pyrozmangite.    A  triclinic,  manganese-iron  pyroxene.    In  cleavage  masses.    Indices, 

1*76-1*76.    H.  «  6*5-6.    G.  =  3*8.    Color,  amber  to  dark  brown.    Easily  fusible  to  black 

magnetic  globule.    Alters  to  skemmatite.    Found  near  Iva,  Anderson  Co.,  South  Carolina. 

Babingtonite.  (Ca,Fe,Mn)SiOi  with  Fei(SiOs)t.  In  small  black  triclinic  crystals,  near 
rhodonite  in  angle  (axes  on  p.  471).  H.  «  6-6-6.  G.  =  3*36-3*37.  Index,  1*72.  From 
Arendal,  Norway;  at  Herbomseelbach,  Nassau,  Germany:  at  Baveno,  Italy.  From Somer- 
ville  and  Athol,  Mass.;  in  the  zeolite  deposits  of  Passaic  Co.,  N.  J. 

Hiortdahlite.  Essentially  (Nai,Ca)(Si,Zr)Os,  with  also  fluorine.  In  pale  yellow  tab- 
ular crjrstals  (triclinic).  Index,  1*696.  Occurs  sparingly  on  an  island  in  the  Langesund 
fiord,  southern  Norway. 

Sobralite.  A  triclinic  pyroxene.  Optically  +  .  Colorless.  From  eulysite  rock  at 
Sddermanland,  Sweden. 

3.   Amphibole  Group 

Orthorhombic,  Monoclinic,  Triclinic 

Composition  for  the  most  part  that  of  a  metasilicate,  RSiOs,  with  R  = 
Ca,Mg,Fe  chiefly,  also  Mn,Na8,Ks,Hs.  Further  often  containing  aluminium 
and  ferric  iron,  in  part  with  alkaUes  as  NaAl(SiOs)3  or  NaFe(SiOs)2;  perhaps 

u  in 

also  containing  RRtSiOe. 

CK.  Orthorhombic  Section 

a  :  b 
AnthophyUite  (Mg,Fe)SiOs  0-5138 :  1 

Gbdrite  (Mg,Fe)SiOs  with  (Mg,Fe)Al,Si06 

fi.  Monodinic  Section 

a  :b  : c  fi 

Amphibole  .     0-5511  :  1  : 0-2938       73°  68' 

I.   NON ALUMINOUS  VARIETIES. 

1.  Tremolite  CaMg8(SiOs)4 

2.  AcTiNOLiTE  Ca(Mg,Fe)8(SiOs)4 

Nephrite,  Asbestus,  Smaragdite,  etc. 
Cummingtonite         (Fe,Mg)SiOj 
Dannemorite  (Fe,Mn,Mg)Si03 

Griinerite  FeSiOa 

3.  RiCHTERiTE  (K2,NatMg,Ca,Mn)4(Si08)4 


II.  Aluminous  Varieties- 

4.  Hornblende 
Edenite 
Pargasite  and 
Common  Hornblende 


Chiefly  Ca(Mg,Fe)8(Si08)4  with 
Na4Al2(Si08)4  and  (Mg,Fe)2(Al,Fe)4Si20i2 


486 


DESCRIPTIVE  MINERALOGY 


NaAl(SiO,),.  (Fe,Mg)SiO, 

a  :b  :  e  fi 

2NaFe(SiO,),.FeSiO,    05475  :  1  :  02925  =  76°  lO' 
NaFe(SiO,)2.FeSiO, 

Na«(Ca,Mg),(Fe,Mn)i4(Al,Fe),Si«0« 

0-5509  :  1  :  02378  =  73°  2' 


Glaucophane 

Riebeckite 
Croddolite 
Aifvedsonite 


y.  Tdclinic  Section 

iBnigmatite. 

The  only  species  included  under  the  triclinic  section  is  the  rare  and  im- 
perfectly known  senigmatite  (cossyrite). 

The  Amphibole  Group  embraces  a  number  of  species  which,  while  falling 
in  different  S3rstems,  are  yet  closely  related  in  form  —  as  shown  in  the  conmion 
prismatic  cleavage  of  54°  to  56°  —  also  in  optical  characters  and  chemical  com- 
position. As  already  noted  (see  p.  471),  the  species  of  this  group  form  chem- 
ically a  series  parallel  to  that  of  the  closely  allied  Pyroxene  Group,  and  between 
them  there  is  a  close  relationship  in  crystalline  form  and  other  characters. 
The  Amphibole  Group,  however,  is  less  fully  developed,  including  fewer 
species,  and  those  known  show  less  variety  in  form. 

The  chief  distinctions  between  pyroxene  and  amphibole  proper  are  the  following: 

Prismatic  angle  with  pyroxene  87**  and  93°;  with  amphibole  56°  and  124°;  the  prismatic 
cleavskge  being  much  more  distinct  in  the  latter. 

With  pyroxene,  crystals  usually  short  prismatic  and  often  complex,  structure  of  massive 
kinds  mostly  lamellar  or  granular;  with  amphibole,  crystals  chiefly  long  prismatic  and 
simple,  columnar  and  fibrous  massive  kinds  the  rule. 

The  specific  sravity  of  most  of  the  pyroxene  varieties  is  higher  than  of  the  like  varieties 
of  amphibole.  In  composition  of  corresponding  kinds,  magnesium  is  present  in  liu^er 
amount  in  amphibole  (Ca  :  Mg  =  1  :  1  m  diopside,  »  1  : 3  in  tremolite) ;  alkalies  more 
frequently  play  a  prominent  part  in  amphibole. 

The  optical  relations  of  the  prominent  members  of  the  group,  as  regards 
the  position  of  the  ether-axes,  is  exhibited  by  the  following  figures  (Cross) ; 
compare  Fig.  797,  p.  472,  for  a  similar  representation  for  the  corresponding 
members  of  the  pyroxene  group. 
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X  A'^ 


I.  Anthophyllite.        II.  Glaucophane.        III.  Tremolite,  etc.        IV.   Hornblende. 

v.  Arfvedsonite.        VI.  Riebeckite. 


AITTHOPHYLLITE. 


a.  Orthorhombic  Section 


Orthorhombic.  Axial  ratio  a  :  6  =  0-5137  :  1.  Crystals  rare,  habit  pris- 
matic [mm!"  110  A  iTO  —  54**  23).  Commonly  lamellar,  or  fibrous  massive; 
fibres  often  very  slender;  in  aggregations  of  prisms. 


SILICATES 
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Cleavage:  prismatic,  perfect;  b  (010)  less  so;  a  (100)  sometimes  distinct. 
H.  =  5-5-6.  G.  =  3 '1-3 -2.  Luster  vitreous,  somewhat  pearly  on  the 
cleavage  face.  Color  brownish  gray,  yellowish  brown,  clove-brown,  brownish 
green,  emerald-green,  sometimes  metalloidal.  Streak  uncolored  or  grayish. 
Transparent  to  subtranslucent.  Sometimes  pleochroic  Usually  optically 
+  ;  also  +  for  red,  —  for  yellow,  green.  Ax.  pi.  always  ||  b  (010).  8x4 
usually  i.  c  (001) ;  also  i.  c  (001)  for  red,  i.  a  (100)  for  yellow,  green.  2  V  = 
84°.     a  =  1-633.     /3  =  1*642.     7  =  1*657. 

Comp.  —  (Mg,Fe)Si08,  corresponding  to  enstatite-bronzite-hypersthene 
in  the  pyroxene  group.  Aluminium  is  sometimes  present  in  considerable 
amount.  There  is  the  same  relation  in  optical  character  between  anthophyl- 
lite  (+)  and  gedrite  (— )  as  between  enstatite  and  hypersthene  (cf.  Figs.  799 
803,  p.  472). 

Var.  —  Anthophyllitb,  Mg  :  Fe  ==  4  :  1,  3  :  1,  etc.  For  3  :  1,  the  percentage  compo- 
sition is:  Silica  55*6,  iron  protoxide  16*6,  magnesia  27*8  »  100.  Anthophyllite  sometimes 
occurs  in  forms  resembling  asbestus. 

Aluminous  J  Gedrite.  Iron  is  present  in  larger  amomit,  and  also  alimiiniimi;  it  hence 
corresponds  nearly  to  a  hypersthene,  some  varieties  of  which  are  highly  aluminous. 

FerroanthophyUite  is  a  name  given  to  an  iron  anthophyllite  from  Idaho  and  elsewhere. 

Hydrous  arUhophyUiles  have  been  repeatedly  described,  but  in  most  cases  they  have  been 
shown  to  be  hydrated  monoclinic  amphiboles. 

Pyr.,  etc.  -;—  B.B.  fuses  with  difficulty  to  a  black  magnetic  enamel;  with  the  fluxes  gives 
reactions  for  iron;  unacted  upon  by  acids. 

Micro.  —  In  sections  colorless,  non-pleochroic.    Parallel  extinction.    Commonly  fibrous. 

Artif .  —  Anthophyllite  is  formed  artificially  when  magnesium  metasilicate  is  heated 
considerably  above  its  melting  point  and  then  quickly  cooled. 

Obs.  —  Anthophyllite  occurs  in  mica  schist  near  Kongsberg  in  Norway:  at  Hermann- 
schlag,  Moravia.  In  the  United  States,  at  the  Jenks  corundum  mine,  Franklin,  Macon  Co., 
N.  C;  from  Rockport,  Mass.  A  colorless  or  pale  red  variety  from  Edwards.  N.  Y.,  has 
been  called  valUUe.  The  original  gedrite  is  from  the  valley  of  H^as,  near  Geores,  France. 
Named  from  anthophyllum,  dove^  in  allusion  to  the  clove-brown  color. 


AMPHIBOLE. 
Monoclinic. 


mm 
ca, 

CPy 


tn 


/9.  Monoclinic  Section 
Hornblende. 
Axes  a  :  6  :  c  =  0-5511  :  1  :  02938;  /3  =  73**  58'. 

no  A  lIO  =  55**  49'.  rr',  Oil  A  OTl  «  31°  32'. 

001  A  100  =  73°  58'.  ii,    031  A  08I  -  80°  32'. 

001  A  TOl  =  31°    0'.  w,  lOl  A  on  =  34°  25'. 

Twins:   (1)  tw.  pi.  a  (100),  common  as  contact-twins;   rarely  polysyn- 
827  829  830  881 


828 


4 


^ 


A  — 4.. 


thetic.     (2)  c  (001),  as  tw.  lamellse,  occasionally  producing  a  parting  analogous 
to  that  more  common  with  pyroxene  (Fig.  461,  p.  173).    Crystals  commonly 
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prismatic;  usually  terminated  by  the  low  clinodome,  r  (Oil),  sometimes  by 
r  and  p  (lOl)  equally  developed  and  then  suggesting  rhombohedral  forms  (as 
of  tourmaline).  Also  columnar  or  fibrous,  coarse  or  fine,  fibres  often  like  flax; 
rarely  lamellar;  also  granular  massive,  coarse  or  fine,  and  usually  strongly 
coherent,  but  sometimes  friable. 

Cleavage:  m  (110)  highly  perfect;  a  (100),  b  (010)  sometimes  distinct. 
Fracture  subconchoidal,  uneven.  Brittle.  H.  =  5-6.  G.  =  2-9-3"4,  vary- 
ing with  the  composition.  Luster  vitreous  to  pearly  on  cleavage  faces ;  fibrous 
varieties  often  silky.  Color  between  black  and  white,  through  various  shades 
of  green,  inclining  to  blackish  green;  also  dark  brown;  rarely  yeUow,  pink, 
rose-red.  Streak  uncolored,  or  paler  than  color.  Sometimes  nearly  trans- 
parent; usually  subtranslucent  to  opaque. 

Pleochroism  strongly  marked  in  all  the  deeply  colored  varieties,  as  described 
beyond.  Absorption  usually  Z  >  Y  >  X,  Optically  — ,  rarely  +  .  Ax.  pi. 
II  b  (010).  Extinction-angle  on  b  (010),  or  Z  A  c  axis  =  +  15**  to  18**  in  most 
cases,  but  varying  from  about  1**  up  to  37**;  hence  also  Bx4  A  c  axis  =  —  75** 
to  —  72**,  etc.  See  Fig.  832.  Dispersion  p  <  v.  Axial  angles  variable;  see 
beyond. 

Optical  characters,  particularly  indices  of  refraction,  bir^ringence  and  extinction  angles 
vary  with  change  in  composition,  particularly  with  the  total  amount  of  iron  present.  In 
general  the  indices  and  extinction  angles  increase  with  increase  of  iron  cont^t  while  the 
birefringence  decreases. 

Comp.  —  In  'part  a  normal  metasilicate  of  calcium  and  magnesium, 
RSiOs,  usually  with  iron,  also  manganese,  and  thus  in  general  analogous  to  the 
pyroxenes.  The  alkah  metals,  sodium  and  potassium,  also  present,  and  more 
commonly  so  than  with  pyroxene.  In  part  also  aluminous,  corresponding  to 
the  aluminous  pyroxenes.  Titanium  sometimes  is  present  and  also  rarely 
fluorine  in  small  amount. 

The  aluminium  is  in  part  present  as  NaAl(SiOz)s,  but  many  amphiboles  containing 

aluminium  or  ferric  iron  are  more  basic  than  a  normal  metasilicate;  they  may  sometimes  be 

n  in 

explained  as  containing  R(AI,Fe)iSiO«,  but  the  exact  nature  of  the  compound  is  often 
doubtful.    The  amphibole  formulas  are  in  many  cases  double  the  corresponding  ones  for 


Eyroxene.    Thus,  for  most  tremolite  and  actinolite,  Ca  :  Mg(Fe)  «  1  :  3,  and  hence  tremo- 
te  is  CaMg^i/)^  while  diopside  is  CaMgSitOf,  etc. 
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Rammebberg  haa  shown  that  the  compoeition  of  moat  aluminoua  amphibolea  may  be 
expressed  in  the  general  form  mRSiOi.nAM^s;  while  Schariser,  modifying  this  view,  pro- 
poses to  regard  the  amphiboles  as  molecular  compounds  of  Ca(MgyFe)iSi40is  (actinoUte), 


are  isomorphous  with  the  protoxides  and  (3)  that  the  presence  of  sesquioxides  is  explained 
by  their  introduction  into  the  molecule  in  the  form  of  various  bivalent  radicals. 

The  crystallocpraphic  position  here  adopted  is  that  suggested  by  Tschermak,  which  best 
exhibits  the  relation  between  amphibole  and  pyroxeme.  Some  authors  retain  the  former 
position,  according  to  which  p  «  (001),  r  —  ull),  etc.  Fig.  833  shows  the  corresponding 
optical  orientation. 

I.   Containing  little  or  no  Aluminium 

1.  Tremolite.  Grammatite,  nephrite  in  part.  Calciumr^magnesium 
amphibole.  Formula  CaMg8(Si04)s  =  Silica  57-7,  magnesia  28*9,  lime  134  = 
100.  Ferrous  iron,  replacing  the  magnesium,  present  only  sparingly,  up  to 
3  p.  c.  Colors  white  to  dark  gray.  In  distinct  crystals,  either  long-bladed  or 
short  and  stout.  In  aggregates  long  and  thin  columnar,  or  fibrous;  also  com- 
pact granular  massive  (nephrite,  below).  G.  =  2*9-3"l.  Sometimes  trans- 
parent and  colorless.  Optically  — .  Extinction-angle  on  b  (010),  or  Z  A 
c  axis  «  +16**  to  18^,  hence  8x4  A  c  axis  =  -  74**  to  -  72^.  2V=  80**  to 
88^    a  =  1-609.    P  =  1-623.     7  =  1'635. 

Tremolite  was  named  by  Pini  from  the  Tremola  valley  on  the  south  side  of  the  St. 
Gothard. 

WinchiU  is  the  name  given  to  a  blue  amphibole  near  tremolite  from  the  manganese  mines 
of  Central  India. 

2.  AcTiNOLrTE.  Calcium-magneaium-iron  amphibole.  Formula  Ca(Mg,Fe)j 
(SiO«)4.  Color  bright  green  and  grayish  green.  In  crystals,  either  shorlv- 
or  long-bladed,  as  in  tremolite;  columnar  or  fibrous;  granular  massive. 
G.  =*  3-3*2.  Sometimes  transparent.  The  variety  in  long  bright-green 
crystals  is  called  glassy  adinolite;  the  crystals  break  easily  across  the  prism. 
The  fibrous  and  radiated  kinds  are  often  called  asbestiform  adinolite  and 
radiated  adinolite,    ActinoUte  owes  its  green  color  to  the  ferrous  iron  present. 

Pleochroism  distinct,  increasing  as  the  amount  of  iron  increases,  and  hence 
the  color  becomes  darker;  Z  emerald-green,  Y  yellow-green,  X  greenish  yellow. 
Absorption  Z  >  Y  >  X,  Zillertal.  Optically  — .  Extinction-angle  on  b  (010), 
Z  A  c  axis  =  +  15^  and  Bxa  A  c  axis  =  -  lb"".  2V  =  78^;  p  <  v;  a  = 
1-611.    /3  =  1-627.    7  =  1-636. 

Named  actinolite  from  oucrts,  a  ray^  and  XlAx,  gUme^  a  translation  of  the  German 
Sirahlsiein  or  radiated  stone.    Name  changed  to  actinote  by  HaOv,  without  reason. 

Nephrtfe.  Jade  in  part.  A  tough,  compact,  fine-grained  tremolite  (or  actinolite). 
breaking  with  a  splinteiy  fracture  and  glistening  luster.  H.  =  6-6*5.  G.  —  2'96-3'l. 
Named  irom  a  supposed  efficacy  in  diseases  of  the  kidney,  from  v€*t>p6sj  kidney.  It  varies 
in  color  from  white  (tremolite)  to  dark  ^een  (actinolite),  m  the  latter,  iron  protoxide  being 
present  up  to  6  or  7  p.  c.  The  latter  kind  sometimes  encloses  distinct  prismatic  cr^^stals  of 
actinolite.  A  derivation  from  an  ori^nal  pvroxenic  mineral  has  been  suggested  in  some 
cases.  Nephrite  or  jade  was  brought  m  the  form  of  carved  ornaments  from  Mexico  or  Peru 
soon  after  the  discovery  of  America.  A  similar  stone  comes  from  Eastern  Asia,  New  Zea- 
land and  Alaska.    See  jadeite.  p.  481;  jade,  p.  482. 

Szichenyiile  is  an  amphibole  occurring  with  jadeite  from  Central  Asia. 

AsBESTUS.  Asbestos.  Tremohte,  actinolite,  and  other  varieties  of  amphibole,  except- 
ing those  containing  much  alumina,  pass  into  fibrous  varieties,  the  fibers  of  which  are  some- 
times very  long,  fine,  flexible,  and  easily  separable  by  the  fingers,  and  look  like  flax.  These 
kinds  are  caUed  ctsbeslus  (from  the  Greek  for  incombustible).    The  colors  vary  from  white  to 
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green  and  wood-brown.  The  name  amianthus  is  applied  usually  to  the  fmer  and  more  silky 
Kinds.  Much  that  is  popularly  called  asbestus  is  chrysotiUj  or  fibrous  serpentine,  containizig 
12  to  14  p.  c.  of  water.    Byssoliie  is  a  stiff  fibrous  variety. 

MaurUain  leather  is  in  thin  flexible  sheets,  made  of  interlaced  fibers;  and  numntain  cork 
the  same  in  thicker  pieces :  both  are  so  Hght  as  to  float  on  water^  and  they  are  often  hydrous, 
color  white  to  gray  or  yellowish.  Mountain  wood  is  compact  fibrous,  and  gray  to  brown  in 
color,  looking  a  little  like  dry  wood. 

Smaragdite.  a  thin-fofiated  variety  of  amphibole,  near  actinolite  in  composition  but 
carrving  some  alumina.  It  has  a  light  grass-green  color,  resembling  much  common  green 
diallage.  In  many  cases  derived  from  pyroxene  (diallage)  by  uralitization,  see  below.  It 
retains  much  of  the  structure  of  the  diallage  and  also  often  encloses  remnants  of  the  original 
mineral.  It  forms,  along  with  whitish  or  greenish  saussurite,  a  rock  called  saussurite- 
gabbro,  the  euphotide  of  the  Alps.  The  original  mineral  is  from  Corsica,  and  the  rock  is 
the  verde  di  Corsica  duro  of  the  arts. 

Uralite.  Pyroxene  altered  to  amphibole.  The  crystals,  when  distinct,  retain  the 
form  of  the  original  mineral,  but  have  the  cleavage  of  amphibole.  The  change  usually 
commences  on  the  surface,  transforming  the  outer  layer  into  an  aggregation  of  slender 
amphibole  prisms,  parallel  in  position  to  each  other  and  to  the  parent  pyroxene  (cf .  Fig. 
803,  p.  473).  When  the  change  is  complete  the  entire  cr>'stal  is  made  up  of  a  bundle  of 
amphibole  needles  or  fibers.  The  color  varies  from  white  (tremohte)  to  pale  or  deep  green, 
the  latter  the  more  common.  In  composition  uralite  appears  to  conform  nearly  to  actinolite, 
as  also  in  optical  characters.  The  most  prominent  change  in  composition  in  passing  from 
the  original  pyroxene  is  that  corresponding  to  the  difference  existing  between  the  two  species 
in  general,  that  is,  an  increase  in  the  magnesium  and  decrease  in  calcium.  '  The  chan^, 
therefore,  is  not  strictly  a  case  of  paramorphism,  although  usually  so  designated.  Uralite 
was  originally  described  by  Rose  in  a  rock  from  the  Ural  Mts.  It  has  since  been  observed 
from  many  localities.  The  microscopic  study  of  rocks  has  shown  the  process  of  "uralitixa- 
tion"  to  be  very  common,  and  some  authors  regard  many  homblendic  rocks  and  schists  to 
represent  altered  pyroxenic  rocks  on  a  large  scale. 

CuBfMiNGTONiTE.  Amphibole-Anthophyllite.  Iron-Magnesium  Amphibole.  Here  be- 
long certain  varieties  of  amphibole  resembhng  anthophyllite  and  essentially  identical  with 
it  in  composition,  but  optically  monoclinic.  From  Kongsberg,  Norway;  Greenland.  The 
original  cummingtonite  is  gray  to  brown  in  color;  usvuuly  fibrous  or  fibro-lamellar,  often 
ramated.     G.  =  3'l-3*32;  from  Cummington,  Mass. 

Dannemorite.  Iron-Manganese  Amphibole.  Color  yellowish  brown  to  greenish  gray. 
Columnar  or  fibrous,  hke  tremolite  and  asbestus.  Contains  iron  and  manganese,  rrom 
Sweden.    Juddite  is  a  manganese  amphibole  found  at  K^harwdhi,  India. 

Grunerite.  Iron- Amphibole.  Asbestiform  or  lamellar-fibrous.  Luster  silky;  color 
brown;  G.  =  3713.    Formula  FeSiO,. 

3.  RiCHTERiTE.  Sodiurn'Magnesium-Mdnganese  Amphibole.  (K2,Na«,Mg, 
Ca,Mn)4(Si03)4. 

In  elongated  crystals,  seldom  terminated.  G.  =  3'09.  Color  brown,  yellow,  roee-red. 
Transparent  to  translucent.  Z  A  c  axis  =  +  17*-20°;  /S  =  1*63;  -y  -  «  =*  0-024.  From 
Pajsberg  and  Ldngban,  Sweden.  Characterized  by  the  presence  of  manganese  and  alkalies 
in  relatively  large  amount. 

Imerinite  is  a  soda-amphibole,  related  to  soda-richterite  from  the  province  Imerina, 
Madagascar. 

Breislakite  occurs  in  wool-like  forms  at  Vesuvius  and  Capo  di  Bove,  Italy.  Cok>r  dark 
brown  to  black,  pleochroism  strongly  marked.    Inferred  to  oelong  near  nchterite. 

II.  Aluminous. 

4.  Aluminous  Amphibole.  Hornblende.  Contains  alumina  or  ferric 
iron,  and  usually  both,  with  ferrous  iron  (sometimes  manganese),  magnesium, 
calcium,  and  alkalies.  The  kinds  here  included  range  from  the  light-KJolored 
edenite,  containing  but  little  iron,  through  the  light  to  dark  green  pargasite, 
to  the  dark-colored  or  black  hornblende,  the  color  growing  darker  with  increase 
in  amount  of  iron.  Extinction-angle  variable,  from  0**  to  37®,  see  below. 
Pleochroism  strong.    Absorption  usually  Z  <  Y  <  X. 

Edenite.    Aluminous  Magnesium-Calcium  Amphibole.    Color  white  to  gray  and  pale 
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Kreen,  and  also  colorieea;  G.  -  3-0-3069.  Resembles  anthophyllite  and  tremc^te. 
Named  from  the  locality  at  EdeDviUe,  N.  Y.  To  thia  variety  beloDg  various  pale-colored 
amphibolee,  having  lees  than  5  p.  c.  oi  iron  oxides. 

Koktharovile  is  a  variety  from  the  neighborhood  of  Lake  Baikal,  Siberia,  named  after  the 
Ruaaian  mineralooiBt,  von  Koksharov. 

SoretiU  ia  an  Euuminous  amphibole  from  the  anorthite-diorite  rocka  of  Koawinsky  in  the 
northern  Ural  Mts. 

Common  Hornblende,  Paboabite.  Colora  bright  or  dark  green,  and  bluish  green  to 
srayi^  black  and  black.  G.  —  3'05-3'47.  Pargasite  is  usually  made  to  include  green  and 
bluish  neen  kinds,  occurrinR  in  etout  lustrous  crystals,  or  granular;  and  Common  hom- 
lA^nde  Hie  greenish  black  and  black  kinds,  whether  in  atout  crystals  or  tong-bladed,  colum- 
nar, fibroua,  or  massive  granular.  But  no  line  can  be  drawn  between  them.  The  extinctioa- 
an^e  on  b  (010),  or  Z  A  c  axis  »  -|-  15°  to  25°  chiefly.    Absorption  Z  >  F  >  X. 

Pargasite  occure  at  Pargas,  Finland,  in  bluish  green  and  grayish  block  crystals.  Z  A  e 
axis  =  -)-  18°;  B  =  IM;  7  -  o  -  0-019;  2V  -  59°.  Pleochroiam:  Z  greeniah  blue;  Y 
emerald-Kreen;  X  greenish  yellow. 

The  dark  brown  to  black  hornblendes  from  basaltic  and  other  igneous  rocks  vary  some- 
what widely  in  optical  characters.  The  angle  Z  A  caxia  -  ©"to  +  10°  chiefly;  8  =  1725; 
y  —  a  =  0'072  (maximum).  Pleochroiam:  Z  brown,  Y  yellow,  X  yeUow-green,  but 
variable. 

Spetutiie,  from  Travcraella,  Italy,  is  an  iron  amphibole  with  strong  pleochroism;  X  =^ 
green,  Y  =  yellow-brown,  Z  =  a*ure-blue,  Z  A  c  axis  =  23°, 

The /fa(^OTi(e  of  Norway  (Brfigger)  has  Z  A  caxis  -  30°  to  60°;  absorption  Y  >  Z  >  X; 
pdeochroism:  Z  yellow,  Z  violet,  X  yellow-brown;  it  approximates  toward  aifvedsonite 
(p.  494). 

Ku-pffrrile,  from  a  graphite  mine  in  the  Timkinak  Mta.,  near  Lake  Baikal,  Siberia,  is  a 
deep  green  amphibole  (aluminous)  formerly  referred  to  anthophylhte. 

SynlaQmaliU  is  the  black  hornblende  of  Vesuvius. 

BergaTnaskiU  is  an  iron-amphibole  containing  almoat  no  magn«sia.  From  Monte  Altino, 
Province  of  Bergamo,  Italy. 

Kaerattliie  is  a  titaniferuus  amphibole  from  Kaersut,  Umanaks  fiord,  North  Greenland. 

HasHngsUe  is  an  amphibole  low  in  silica  and  high  in  iron  and  soda,  from  the  nephelite- 
syenite  of  Dungannon,  Hasting  Co.,  Ontario. 

PkiivpatadiU  from  Philipstad,  Sweden,  is  an  iron-magnesium  amphibole  showing  miusual 
pleochroism. 

Pyr.  -r-  Essentially  the  same  as  for  the  corresponding  varieties  of  pyroxene,  see  p.  478. 

DtS.  —  Distinguished  from  pyroxene  (ajid  lourmali-"*  '^"  ■'-  •'■*■' — '  — ■'■ — *'"  "■'"—- 
age,  yielding  anglee  of  56°  and  124°.  Fibrous  and  coluc 
than  with  pyroxene,  lamellar  and  foliated  forms  rare 
(see  ^bo  pp.  47B,  486).  Crystals  often  long,  slender, 
or  bladed.  Differs  from  the  fibrous  zeolites  in  not 
gelatinising  with  acids.  Gpidote  has  a  peculiar  green 
color,  is  more  fusible,  and  shows  a  different  cleavage. 

Micro.  —  In    rock    sections  amphibole  generally    ^ 
shows  distinct  colors,  green,  sometimes  oUve  or  brown, 

'  '\  strongly  pleocnroic.    Also  recognized  by  its 


high  relief;  generally  rather  high  interference-color 
ery  perfect  system  of  cleavage-cracks  crossii 
J  of  56°  and  124°  in  sections  ±  c  axis   (Fig. 


by  the  very  perfect  system  of  cleavage-cracks  crossing 
at  angles  of  56°  and  124°  in  sections  ±  c  axis  (Fig. 
834).     In  sections  ||  h  (010)  (recognized  by  yielding  no  axial  figure  in  conv«gent  light,  b] 


showing  the  highest  interference-colors,  and  by  having  parallel  cleavage-cracks,  |1  c  axis), 
the  extinction-ffirection  for  common  hornblendes  makes  a  small  angle  (r2°-15  )  with  the 
cleavage-cracks  (i.e.,  with  c  axis);  further,  this  direction  is  positive  Z  (different  from  com- 
mon pyroxene  and  sgirite,  cf.  Figs,  813  and  818). 

Artif.  —  Experiments  on  the  artificial  production  of  the  amphiboles  have  shown  that 
in  general  they  are  unstable  at  high  temperatures  and  that  their  formation  in  igneous  rocks 
is  due  either  to  the  rapid  cooling  of  the  magma,  to  the  presence  of  water  or  to  some  unusual 
conditions  of  pressure,  etc.  In  general  when  the  amphiboles  are  fused  they  are  transformed 
into  the  corresponding  pyroxenes. 

Oba.  —  Amphibole  occurs  only  sparinfdy  in  volcanic  rocks  but  is  found  in  many  crys- 
talline limestones,  and  granitic  and  schistose  rocks.  Tremoiile,  the  magnesia-lime  vari- 
ety, is  especially  common  in  limestones,  particularly  magncsian  or  dolomitic;  actitutlUe  (also 
neplvite),  the  magnesia-time-iron  variety,  in  the  ciystal  line  schists,  in  steatitic  rocks  and 
with  serpentine;  and  dark  green  and  black  honMcnde,  occurs  in  both  igneous  and  meta- 
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morphic  rocks.    It  is  found  in  granites,  syenites,  diorites  and  some  varieties  of  pendotite,  in 
gneisses  and  the  hornblende  schists. 

Hornblende-rock f  or  amphtboliUj  consists  of  massive  hornblende  of  a  dark  greenish  blade 
or  black  color,  and  has  a  granular  texture.  Occasionally  the  green  hornblende,  or  actino- 
lite,  occurs  in  rock-masses,  as  at  St.  Francis,  in  Canada.  HomUende-echist  has  the  same 
composition  as  amphibolite,  but  is  schistose  or  slaty  in  structure.  It  often  contains  a  little 
feldspar.  In  some  varieties  of  it  the  hornblende  is  in  part  in  minute  needles.  Granite  and 
syemte  often  contain  hornblende,  and  with  diorite  it  is  a  common  constituent.  This  is 
also  true  of  the  corresponding  forms  of  gneiss.  In  these  cases  it  is  usually  present  in  small, 
irregular  masses,  often  fibrous  in  structure;  also  as  rough  bladed  crystals. 

Prominent  foreign  localities  of  amphibole  are  the  following:  TremolUe  (grammatite) 
in  dolomite  at  Campolongo,  Switserland;  also  at  Orawitsa,  Resb^ya,  Hungiry;  Gulsjo, 
Wermland,  Sweden.  Actinolite  in  the  crystalline  schists  of  the  Central  and  Eastern  Alps, 
especially  at  Greiner  in  the  Zillertal,  Tyi^^)  &^  Zdblits  in  Saxony;  Arendal,  Norway. 
Asbestus  at  Stening,  Zillertal,  and  elsewhere  in  Tyrol;  in  Savoie,  France;  also  in  the  island 
of  Corsica.  PargasUe  at  Pargas,  Finland;  Saualpe  in  Carinthia.  Hornblende  at  Arendal, 
Kongsberg  and  Karger6,  Norway;  in  Sweden  ana  Finland;  at  Vesuvius;  Aussig  and  Tep- 
litz,  Bohemia;  etc.  NephrUe^  which  in  the  form  of  "  jade  "  ornaments  and  utensus  is  widdy 
distributed  among  the  relics  of  early  man  (see  Jade,  p.  482)^  is  obtained  at  various  points  in 
Central  Asia.  The  most  important  source  is  that  in  the  Karakash  valley  in  the  Kuen  Lun 
Mts.,  on  the  southern  borders  of  Turkestan;  also  other  localities  in  Central  Asia.  In  New 
Zealand.  Nephrite  has  been  found  in  Europe  as  a  rolled  mass  at  Schwemmsal  near  Leipsig; 
in  Swiss  Lake  habitations  and  similarly  elsewhere. 

In  the  United  States,  in  Me.,  black  cr3rstals- occur  at  Thomaston;  pargasite  at  Phipps- 
burg.  In  Ver.,  actinolite  in  the  steatite  quarries  of  Windham  and  New  Fane.  In  Mass., 
bremoUte  at  Lee;  black  crystals  at  Chester;  asbestus  at  Pelham;  cumminaUmiie  at  Cum- 
mington.  In  Conn.,  in  large  flattened  white  crystals  and  in  bladed  and  fibrous  forms 
(tremolite)  in  dolomite,  at  Canaan.  In  N.  Y.,  Warwick,  Orange  Co.:  near  Edenville;  near 
Amity;  at  the  Stirling  mines.  Orange  Co.;  in  short  green  crystals  at  Gouvemeur,  St. 
Liawrence  Co.;  with  pyroxene  at  Russell;  a  black  variety  at  Pierrepont;  at  Macomb;  Pit- 
cairn;  tremohte  at  Fme;  in  Rossie,  2  miles  north  of  Oxbow;  in  large  white  crystals  at 
Diana,  Lewis  Co.;  ssbestus  near  Greenwood  Furnace.  Hud^onile  from  Cornwall,  N.  Y., 
formerly  classed  as  a  pyroxene  has  been  shown  to  be  an  amphibole.  In  N.  J.,  tremolite  or 
gray  amphibole  in  goodi  crystals  at  Bryam,  and  other  varieties  of  the  species  at  Franklin  and 
f>7ewton,  radiated  actinolite.  In  Pa.,  actinolite  at  Mineral  Hill,  in  Delaware  Co.;  at  Union- 
Tille;  at  Kennett,  Chester  Co.  In  Md.,  actinolite  and  asbestus  at  the  Bare  Hills  in  serpen- 
tine; asbestus  is  mined  at  Pylesville,  Harford  Co.  In  Va.,  actinolite  at  Willis's  Mt.,  in 
Buckingham  Co.;  asbestus  at  Bamet's  Mills,  Fauquier  Co.    Nephrite  occurs  in  Alaska. 

In  Canada,  tremolite  is  abundant  in  the  Laurentian  limestones,  at  Calumet  FaUs,  Litch- 
field, Pontiac  Co.,  Quebec;  also  at  Blythfield,  Renfrew  Co.,  and  Dalhousie,  Lanark  Co. 
Black  hornblende  at  various  localities  in  Quebec  and  Ontario  with  pyroxene,  apatite, 
titanite,  etc.,  as  in  Renfrew  Co.  Asbestus  and  mountain  cork  at  Buckin^am,  Ottawa  Co.. 
Quebec;  a  bed  of  actinolite  at  St.  Francis,  Beauce  Co.,  Quebec;  nephnte  has  been  founa 
in  British  Columbia  and  Northwest  Territory. 

GLAUCOPHANE. 

Monoclinic;  near  amphibole  in  form.  Crystals  prismatic  in  habit,  usually 
indistinct;  commonly  massive,  fibrous,  or  columnar  to  granular. 

Cleavage:  m  (110)  perfect.  Fracture  conchoidal  to  uneven.  Brittle. 
H.  =  6-6*5.  G.  =  3*103-3-113.  Luster  vitreous  to  pearly.  Color  azure-blue, 
lavender-blue,  bluish  black,  grayish.  Streak  grayish  blue.  Translucent. 
Pleochroism  strongly  marked:  Z  sky-blue  to  ultramarine-blue,  F  reddish  or 
bluish  violet,  X  yellowish  green  to  colorless.  Absorption  Z  >  Y  >  X.  Opti- 
cally H- .  Ax.  pi.  1 1  6  (010) .  Z  A  c  axis  =  4**  to  6**,  rarely  higher  values.  2V  = 
45^    a  =  1-621.    /3  =  1638.     7  =  1*638. 

Comp.  —  Essentially  NaAl(Si08)2.(Fe,Mg)Si08.  If  Mg  :  Fe  =  2  :  I,  the 
formula  requires:  Silica  57*6,  alumina  16*3,  iron  protoxide  77,  magnesia  8'5, 
soda  9-9  =  100. 

Obs.  —  Occurs  as  the  hornblendic  constituent  of  certain  crystalline  schiste,  called 
gUiucophane'echielBt  or  glaucophanite;  also  more  or  less  prominent  in  mica  schists,  am- 
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phibolites,  gneiss,  eclogites,  etc.  It  is  often  associated  with  mica,  garnet,  diallage  and 
omphacite,  epidote  and  zoisite,  etc.  First  described  from  the  island  of  Syra,  one  of  the 
Cyclades;  since  shown  to  be  rather  widely  distributed,  as  on  the  southern  slope  of  the  Alps 
(ga8taldite)y  Corsica,  Japan,  etc.  RhodtisUe  is  a  fibrous  variety  from  the  Island  Rhodus 
and  Asskys  river,  Minassinsk,  Siberia.  HolmquUtUe  is  a  lithium-bearing  variety  from  the 
Island  of  Uto. 

In  the  United  States,  glaucophane  schists  have  been  described  from  the  Coast  Ranges 
of  California,  as  at  Sulphur  Bank,  Lake  Co. 

Glaucophane  is  named  from  y\avKos,  bluish  greeny  and  ^tvc<n9a&,  to  appear. 

Crossite.  An  amphibole  intermediate  in  composition  between  glaucophane  and 
riebeckite,  being  optically  more  nearW  related  to  the  latter.  Occurs  in  latn  shaped  crystals. 
Color  blue.  Strongly  pleochroic.  Found  in  the  cr3r8talline  schists  of  the  Coast  Ranges  of 
California. 

RIEBECKITE. 

Monoclinic.  Axes  a\h  \c^  0  5475  :  1  :  0  2925;  p  =  76"*  10'.  In  em- 
bedded prismatic  crystals,  longitudinally  striated.  Cleavage:  prismatic  (56°) 
perfect.  Luster  vitreous.  Color  black.  Pleochroism  very  strongly  marked: 
Z green,  K  (=  6  axis)  deep  blue,  X  (nearly  ||  c  axis)  dark  blue.  Optically  — . 
Ebrtinction-angle  small,  X  A  c  axis  =  4**-5**  (=t?).  Axial  angle  large,  fi  = 
1-687. 

XII 

Comp.  —  Essentially  2NaFe(Si08)2.FeSi08  =  Silica  50-5,  iron  sesqui- 

oxide  26'9,  iron  protoxide  12-1,  soda  10"5  =  100.    It  corresponds  closely  to 

acmite  (aegirite)  among  the  pyroxenes. 

Obs.  —  Originally  described  from  the  granite  and  syenite  of  the  island  of  Soootra  in  the 
Indian  Ocean,  120  m.  N.  E.  of  Cape  Guardafui,  the  eastern  extremity  of  Africa;  occurs  in 
groups  of  prismatic  crystals,  often  radiating  aiid  closely  resembling  tourmaline;  also  in 
granoph^rre  blocks  found  at  Ailsa  Crag  and  at  other  points  in  Scotland  and  Ireland.  A  simi- 
lar amphihole  occurs  at  Mymrdd  Mawr,  Carnarvonshire,  Wales.  Also  another  in  granu- 
lite  in  Corsica.  Found  at  Narsarsuk,  Greenland.  From  pegmatite  at  Quincy,  Mass.  A 
so-called  arfvedsonite  f rom  St.  Peter's  Dome,  Pike's  Peak  region,  CoL  occurring  with  astro- 
phyllite  and  zircon,  is  shown  by  Lacroix  to  be  near  riebeckite.  Extinction-angle  on  6, 
X  Ac  axis  »  3""  to  4°.  A  soda  amphibole,  related  to  riebeckite,  from  Bababudan  Hills, 
M3^sore,  India,  has  been  named  babalmdanite, 

CROCIDOLITB.    Blue  Asbestus. 

Fibrous,  asbestus-like;  fibers  long  but  delicate,  and  easily  separable.  Also 
massive  or  earthy.  Cleavage:  prismatic,  56°.  H.  =  4.  G.  =  3 -20-3 -30. 
Luster  silky;  dull.  Color  and  streak  lavender-blue  or  leek-green.  Opaque. 
Fibers  somewhat  elastic.  Pleochroism:  Z green,  F  violet,  Xblue.  Optically 
+  .  Extinction-angle  on  b  (010)  inclined  18**  to  20"*  with  c  axis.  2E  =  95° 
approx.     7  —  a  =  0*025. 


m 


Comp.  —  NaFe(Si08)2.FeSi08  (nearly)  =  Silica  49-6,  iron  sesquioxide 
220,  iron  protoxide  19*8,  soda  86  =  100. 

Magnesium  and  calcium  replace  part  of  the  ferrous  iron,  and  hydrogen  part  of  the 
sodium. 

Pyr.,  etc.  —  B.B.  fuses  easily  with  intumescence  to  a  black  piagnetic  glass,  coloring  the 
flame  yellow  (soda).    With  the  fluxes  gives  reactions  for  iron.    Unacted  upon  by  &cida. 

Obs.  —  Occurs  in  South  Africa,  in  Griqualand-West,  north  of  the  Orange  river,  in  a 
range  of  quartsose  schists  called  the  Asbestos  Mountains.  In  a  micaceous  porphyry  near 
Framont.  in  the  Vosges  Mts.  At  Golling  in  Salzburg,  Austria.  In  the  Umt^  States,  at 
Beacon  Pole  Hill,  near  Cumberland,  R.  I.  Emerald  Mine,  Buckingham,  and  Perldn's  Mill, 
Templeton,  Ottawa  Ck).,  Ontario,  Canada. 

Ahriachanite  is  an  earthy  amorphous  form  occurring  in  the  Abriachan  district,  near 
Loch  Ness,  Scotland.  Crocidolite  is  named  from  kpokU,  woof,  in  allusion  to  its  nbrous 
structure. 
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The  South  African  mineral  is  largely  altered  by  both  oxidation  of  the  iron  and  infiltra- 
tion of  silica,  resulting  in  a  compact  sihceous  stone  of  delicate  fibrous  structure,  chatoyant 
luster,  and  bright  yellow  to  brown  color,  popularly  called  liger-eye  (also  cat*s-eye).  Many 
varieties  occur  forming  transitions  from  the  original  blue  mineral  to  the  final  product;  also 
varieties  depending  upon  the  extent  to  which  the  original  mineral  has  penetrated  the  quartz. 

ARFVEDSONITE. 

Monoclinic.     Axes  a  :  6  :  C  =  05569  :  1  :  0*2978;  /3  =  73**  2^. 

Crystals  long  prisms,  often  tabular  ||  b  (010),  but  seldom  distinctly  termi- 
nated; angles  near  those  of  amphibole;  also  in  prismatic  aggregates.  Twins: 
tw.  pi.  a  (100). 

Cleavage:  prismatic,  perfect;  b  (010)  less  perfect.  Fracture  irneven. 
Brittle.  H.  =  6.  G.  =  3-44-3 -45  Luster  vitreous.  Color  pure  black;  in 
thin  scales  deep  green.  Streak  deep  bluish  gray.  Opaque  except  in  thin 
splinters.  Pleochroism  strongly  marked:  Zdeep  greenish  blue,  Y  lavender, 
Xpale  greenish  yellow.  Absorption  Z  >  Y  >  X;  sections  ||  a  (100)  are  deep 
greenish  blue,  ||  b  (010)  olive-green.  Optically  —  .  Axial  angle,  Wge.  a  = 
1-687.    p  =  1707.    y  =  1708.    Extinction-angle  on  b  (010),  with  c axis  =  14^ 

Comp.  —  A  slightly  basic  metasilicate  of  sodium,  calcium,  and  ferrous 
iron  chiefly. 

The  supposed  arfvedsonite  from  Greenland  has  been  shown  to  be  segirite;  that  from 
Pike's  Peak,  Col.,  has  been  referred  to  riebeckite. 

Pyr.,  etc.  —  B.B.  fuses  at  2  with  intumescence  to  a  black  magnetic  globule;  colors  the 
flame'  yellow  (soda) ;  with  the  fluxes  gives  reactions  for  iron  and  manganese.  Not  acted 
upon  by  acids. 

Micro.  —  In  thin  sections  shows  brown-  or  gray-green  or  gray-violet  colors;  strongly 
pleochroic  in  blue  and  green  tints;  negative  elongation? 

Obs.  —  Arfvedsonite  and  amphiboles  of  simUar  character,  containing  much  iron  and 
soda,  are  constituents  of  certain  igneous  rocks  which  are  rich  in  alkalies,  as  nephelite-syenite, 
certain  porphyries,  etc.  Large  and  distinct  crvstals  are  found  only  in  the  pegmatite  veins 
in  such  rocks,  as  at  Kangerdluarsuk,  Narsarsuk,  Greenland,  where  the  associated  minerals 
are  sodalite,  eudialyte,  feldspar,  etc.  Arfvedsonite  occurs  also  in  the  nephelite-syenites  and 
related  rocks  of  the  Christiania  region  in  southern  Norway;  on  the  Kola  peninsula  in 
Russian  Lai>land;  Dun^annon  township,  Ontario;  Trans  Pecos  district,  Texas.  The  re- 
lated brownish  pleochroic  amphiboles  (cf.  barkevikite)  occur  in  similar  rocks  at  Montreal, 
Canada;  Red  Hill,  N.  H.;  Salem,  Mass.;  Magnet  Cove,  Ark.;  Black  Hills,  S.  D.;  Square 
Butte,  Mon.     St.  Peter's  Dome,  Col.,  etc. 

Oaannite  from  an  amphibole-gneiss  at  Cevadacs,  Portugal,  and  Tschemichiwite  from  a 
macmetite  bearing  quartzite  in  the  northern  Ural  Mts.,  are  near  arfvedsonite. 

CARKEVIKITE.  An  amphibolc  near  arfvedsonite  but  more  basic.  In  prismatic  crys- 
tals. Cleavage:  prismatic  (55**  44 J')-  G.  =  3'428.  Color  deep  velvet-black.  Pleochro- 
ism marked,  colors  brownish.  Extmction-angle  with  c  axis  on  h  (010)  =  12}°.  Occurs  at 
the  wdhlerite  locality  near  Barkevik,  on  the  Langesimd  fiord,  and  elsewhere  in  southern 
Norway.     In  large  crystals  at  Lugar,  Ayrshire,  Scotland. 


Anigmatite.  Cossyrite.  Essentially  a  titano-silicate  of  ferrous  iron  and  sodium,  but 
containing  also  aluminium  and  ferric  iron.  In  prismatic  triclinic  crystals.  Cleavage: 
prismatic,  distinct  (66**).  G.  =  3 74-3 '80.  Color  black,  ^nigmatite  is  from  the  sodalite- 
syenite  of  Tunugdliarfik  and  Kangerdluarsuk,  Greenland.  Cossyrite  occurs  in  minute 
crystals  embedded  in  the  liparite  lavas  of  the  island  Pantellaria  (ancient  name  Cossyra); 
idso  widespread  in  the  rocks  of  East  Africa.  Rhdnite  is  like  senigmatite  but  contains  much 
less  ferrous  oxide  and  alkalies  with  increase  in  alumina,  ferric  oxide,  etc.  From  basaltic 
rocks  in  the  Rhon  district  and  elsewhere  in  Germany  and  Bohemia. 

Weinbergerite.  Perhaps  NaAlSi04.3FeSiOi.  Orthorhombic.  In  spherical  aggregates 
of  radiating  fibers.  Black  color.  From  a  meteoric  iron  at  Codai  Canal,  Palm  Hills, 
Madras,  India. 
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BERYL. 

Hexagonal.    Axis  c  =  0'4989. 

Crystals  usually  long  prismatic,  often  striated  vertically,  rarely  trans- 
versely; distinct  terminations  exceptional.  Occasionally  in  large  masses, 
coarse  columnar  or  granular  to  compact. 

Cleavage:  c  (0001),  imperfect  and  indistinct.  Fracture  conchoidal  to 
uneven.  Brittle.  H.  =  7&-8.  G.  =  2  63-2  80;  usually  2 -69-2 70.  Lus- 
ter vitreous,  sometimes  resinous.  Colors  emerald-green,  pale  green,  passing 
into  light  blue,  yellow  and  white;  also  pale  rose-red.  Streak  white.  Trans- 
parent to  subtranslucent.  Dichroism  more  or  less  distinct.  Optically  — . 
Birefringence  low.  Often  abnormally  biaxial,  ca  =  1-5820,  e  =  1*5765, 
aquamarine. 
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Var.  -^  1.  Emerald.  Color  bright  emerald-green,  due  to  the  presence  of  a  little  chro- 
mium; highly  prized  as  a  gem  when  clear  and  free  from  flaws. 

2.  Ordinary;  Beryl.  Generally  in  hexagonal  prisms,  often  coarse  and  large;  green  the 
common  color.  The  principal  kinds  are  :  (a)  colorless;  (b)  bluish  green,  called  ogtiamanne; 
(c)  apple-green;  (d)  greenish  vellow  to  iron-yellow  ana  honey- vellow;  sometimes  a  clear 
bright  vellow  as  in  the  gclden  beryl  (a  yellow  gem  variety  from  Southwest  Africa  has  been 
called  Ae^iodor);  (e)  pale  yellowisn  green;  if)  clear  sapphire  blue;  {g)  pale  sky-blue;  (h) 
pale  violet  or  redoish;  (i)  rose  colored  called  morganile  or  vorobyeviUf  (J)  opaque 
Drownish  yeUow,  of  waxy  or  greasy  luster.  The  oriental  emerald  of  jewelry  is  emerafd-col- 
lored  sapphire. 

Comp.  —  Be8Al2(Si08)6  or  SBeO.AljOa.eSiOj  =  Silica  67-0,  alumina  19-0, 
glucina  14-0  =  100. 

Alkalies  (NasO,  LisO.  CssO)  are  sometimes  present  replacing  the  beryllium,  from  0*25 
to  5  p.  c;  also  chemically  combined  water,  including  which  the  formula  becomes  HsB^Al^ 
SiiiOtt. 

Pyr.,  etc.  —  B.B.  alone,  unchanged  or,  if  clear,  becomes  milky  white  and  clouded;  at 
a  hign  temperature  the  edges  are  rounded,  and  ultimately  a  vesicular  scoria  is  formed. 
Fusibility  «  5*5,  but  somewhat  lower  for  beryls  rich  in  alkahes.  Glass  with  borax,  clear 
and  colorless  for  beryl,  a  fine  green  for  emerald.    Unacted  upon  by  acids. 

Diflf.  —  Characterized  by  its  green  or  greenish  blue  color,  glassy  luster  and  hexasonal 
form;  rarely  massive,  then  easily  mistaken  for  quartz.  Distinguished  from  apatite  by  its 
hardness,  not  being  scratched  by  a  knife,  also  harder  than  green  tourmaline;  from  chiyso^ 
beryl  by.  its  form;  from  euclase  and  topaz  by  its  imp^ect  cleavage. 

Artif .  —  Crystals  of  beryl  have  been  produced  artificially  by  fusing  a  mixture  of  silica, 
alumina  and  glucina  with  boric  oxide  as  a  flux. 

Obs.  —  Beryl  is  a  common  accessor]^  mineral  in  granite  veins,  especially  in  those  of  a 
pegmatitic  character.  Emeralds  occur  in  clay  slate,  in  isolated  crystals  or  in  nests,  near 
Muso,  etc.,  75  m.  N.N.E.  of  BogoUL  Colombia.  Emeralds  of  less  beauty,  but  larger,  occur 
in  Siberia^  on  the  river  Tokovo]^a,  N.  of  Ekaterinburg,  embedded  in  mica  schist.  Esmeralda 
of  large  size,  though  not  of  uniform  color  or  free  from  flaws,  have  been  obtained  in  Alex- 
ander Co.,  N.  C. 
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Transparent  beryls  are  found  in  Siberia,  India  and  Brazil.  In  Siberia  they  occur  at 
Mursinka  and  Shaitanka,  near  Ekaterinburg;  near  Miask  with  topaz;  in  the  mountains  of 
Adun-Chalon  with  topaz,  in  E.  Siberia.  A  clear  aquamarine  crystal  weighing  110*5  kg. 
was  found  at  Marambaya,  Minas  Geraes,  Brazil.  Beautiful  crystals  also  occur  at  Elba; 
the  tin  mines  of  Ehrenf  riedersdorf  in  Saxony,  and  Schlackenwald  in  Bohemia.  Other  local- 
ities are  the  Moume  Mts.,  Ireland;  yellowish  green  at  Rubislaw,  near  Aberdeen,  Scotland 
{davidsonite);  Limoges  in  France;  Finbo  and  Broddbo  in  Sweden;  Tamela  in  Finland; 
Pfitsch-Joch,  Tvrol;  Bodenmais  and  Rabenstein  in  Bavaria;  in  New  South  Wales.  Pink, 
alkali-rich  beryls  are  found  in  Madagascar. 

In  the  United  States,  beryls  of  gigantic  dimensions  have  been  found  in  N.  H.,  at  Acworth 
and  Grafton,  and  in  Mass.,  at  Royalston.  In  Me.,  at  Albany;  Norway;  Bethel;  at 
Hebron,  a  ctesium  beryl  (CsiO,  3*60  p.  c),  associated  with  poUucite;  in  Paris,  with  black 
tourmaline;  at  Topsham,  pale  green  or  yellowish;  at  Stowe  and  Stoneham.  In  Mass.,  at 
Barre;  at  Goshen  (go8h€nite)f  and  at  Chesterfield.  In  Conn.,  at  Haddam,  and  at  the  Mid- 
dletown  and  Portland  feldspar  quarries;  at  New  Milford,  of  a  clear  golden  ydlow  to  dark 
amber  color;  Branchville.  In  Fa.,  at  Leiperville  and  Chester;  at  Mineral  Hill.  In  Va., 
at  AmeUa  Court  House,  sometimes  white.  In  N.  C,  in  Alexander  Co.,  near  Stony  Point, 
fine  emeralds;  in  Mitchell  Co.;  Morganton,  Burke  Co.,  and  elsewhere.  In  Ala.,  Coosa 
Co^  of  a  light  yellow  color.  In  Col.,  near  the  summit  of  Mt.  Antero,  beautiful  aquamarines. 
In  S.  p.,  in  the  Black  Hills  in  large  cnrstals.  Rose-pink  crystals,  often  showing  prominent 
pyramid  faces,  from  San  Diego  Ck>..  Cal.,  also  colorless  and  aquamarine. 

Use.  —  The  transparent  mineral  is  used  as  a  gem  stone;  see  above  under  Varieties. 

Eudialyte.  Essentially  a  metasilicate  of  Zr,Fe(Mn),Ca,Na,  etc.  In  red  to  brown 
tabular  or  rhombohedral  crystals;  also  massive.  H.  =  5-5*5.  G.  =  2-9-3  0.  Optically 
+.  w  =*  1*606.  €  =  1*611.  From  Kangerdluarsuk,  West  Greenland,  etc.,  with  arfved- 
sonite  and  sodalite;  at  Lujaor  on  the  Kola  peninsula,  Russian  Lapland,  in  eueolite-syenite, 
there  forming  a  main  constituent  of  the  rock-mass.  EucoliU,  from  islands  of  the  Langesund 
fiord  in  Norway,  is  similar  (but  optically  — ).  Eudialyte  ana  eucolite  also  occur  at  Magnet 
Cove,  in  Ark.,  of  a  rich  crimson  to  peach-blossom  red  color,  in  feldspar,  with  elieolite  and 
segirite. 

Elpidite.  Na,O.ZrOi.6SiO,.3H,0.  —  Massive,  fibrous.  H.  =7.  G.  =  2*54.  Color 
white  to  brick-red.    Biaxial,  +.    Indices  =  1*560-1*574.    Southern  Greenland. 

AsTROLiTE.  (Na,K)jFe(AI,Fe)2(Si03)».HjO?.  In  globular  forms  with  radiating 
structure.  H.  =  3*5.  G.  =  2*8.  Color  green.  Fusible,  3*5.  Found  in  a  diabase  tuff 
near  Neumark,  Germany. 


The  following  are  rare  species  of  complex  composition,  all  from  the  Lange- 
sund fiord  region  of  southern  Norway. 

Catapleiite.  H4(Nas,Ca)ZrSi«0ii.  In  thin  tabular  hexagonal  prisms.  H.  «  6.  G.  - 
2*8.  Color  light  yellow  to  yellowish  brown.  Biaxial, +.  Indices,  1*591-1*627.  Natron- 
catapleiite,  or  soda-catapleiite,  contains  only  sodium;  color  blue  to  gray  and  white;  on  heat- 
ing the  blue  color  disappears. 

Cappelenite.  A  boro-silicate  of'  3rttrium  and  barium.  In  greenish  brown  hexagonal 
crystals. 

Melanocerite.  A  fluo-silicate  of  the  cerium  and  yttrium  metals  and  calcium  chiefiy 
(also  B,  Ta,  etc.).    In  brown  to  black  tabular  rhombonedral  crystals. 

Caxyocerite.    Near  melanocerite,  containing  ThOt. 

Steenstrupine  (from  Greenland)  is  allied  to  the  two  last-named  species.  Rhombohe- 
dral.    H.  =4,    G.  =  3*4.     Color  dark  brown  to  nearly  black.    Optically  — . 

Tritomite.  A  fluo-silicate  of  thorimn,  the  cerium  and  yttiiimi  metals  and  calcium, 
with  boron.    In  dark  brown  crystals  of  acute  triangular  pyramidal  form. 

The  following  are  also  from  the  same  region: 

Leocophanite.  Na(BeF)Ca(Si03)j.  In  glassy  greenish  tabular  crystals  (orthorhombic- 
sphenoidal).    H.  =4.     G.  =  2*96.    Optically  -.     Indices,  1*571-1*598. 

Mdiphanite.  A  fluo-silicate  of  beryllium,  calcium,  and  sodium  near  leucoj^i^te.  In 
low  square  pyramids  (tetragonal).  Color  yellow.  H.  =  5-5*5.  G.  =  3*01.  Optically  -  . 
Indices,  1*593-1 -612. 


6IUCATES 


497 


Ciisterite.  Cas(OH,F)SiOs.  Monoclinic.  In  fine  granular  masses.  Cleavages  par- 
allel to  base  and  prism,  skU  making  nearly  90°  with'  each  other.  Twinning  plane  c  (001 )» 
showing  in  twin  lamella.  H.  »  5.  G.  «  2*91.  Color  greenish  gray.  Transparent. 
Optically  +.  Bx»  nearly  perpendicular  to  c  (001).  Indices,  158-1  60.  Difficultly  fusible. 
Decomposed  by  hydrochloric  acid.  Found  in  limestone  contact  zone  at  the  Empire  mine, 
Custer  Co.,  Idaho. 

Didymolite.  2Ca0.3Als08.9SiOi.  Monoclinic.  In  small  twinned  crystals.  H. »  4-5. 
G.  =  271.  Color  dark  gray.  Opaque.  Index  1*5.  Difficultly  fusible,  insoluble.  Found 
as  contact  mineral  in  hmestone  from  Tatarka  River,  Yenisei  District,  Siberia. 
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lOLITB.    Cordierite.    Dichroite. 

Orthorhombic.    Axes  a  :  6  :  c  =  0*5871  :  1  :  0*5585. 

Twins:  tw.  pi.  m  (110),  also  d  (130),  both  yielding  pseudo-hexagonal  forms. 
Habit  short   prismatic    {mm'"  = 
60*^500  (Fig.  838).    As  embedded 
grains;    also  massive,  compact. 

Cleavage:  6(010)  distinct; 
a(lOO)  and  c(OOl)  indistinct.  Crys- 
tals often  show  a  lamellar  structure 
II  c  (001),  especially  when  slightly 
altered.  Fracture  subconchoidal. 
Brittle.  H.  =  7-7-5.  G.  =  2-60- 
2*66.  Luster  vitreous.  Color  va- 
rious shades  of  blue,  light  or  dark, 
smoky  blue.  Transparent  to  trans- 
lucent. Pleochroism  strongly 
marked  except  in  thin  sections. 
Axial  colors  variable.    Thus: 

Bodenmais    Z  {=  b  axis)  dark  Berlin-blue, 
yellowish  white. 
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F  ( =  a  axis)  light  Berlin-blue.    X  ( »  c  axis) 


Absorption  Z  >  K  >  X  Pleochroic  halos  common,  often  bright  yellow; 
best  seen  in  sections  ||  c  axis.  Exhibits  idiophanous  figures.  Optically  — . 
Ax.  pi.  II  a  (100).  Ex.  ±  c  (001).  Dispersion  feeble,  p  <  v.  2V  =  70°  23' 
(also  40**  to  84°).    Indices  variable,  from  1-534  to  1-599. 

Comp.  —  H2(Mg,Fe)4Al8SiioOa7or  H2O.4(Mg,Fe)O.4Al2O8.10SiO2. 

If  Mg  :  Fe  =  7  :  2,  the  percentage  composition  is:  SiUca  49*4,  alumina 
33-6,  iron  protoxide  5'3,  magnesia  10-2,  water  1*5  =  100.  Ferrous  iron  re- 
places part  of  the  magnesium.    Calcium  is  also  present  in  small  amount. 

Pyr.,  etc.  —  B.B.  loses  transparency  and  fuses  at  5-6"6.  Only  partially  decomposed  by 
acids.    Decomposed  on  fusion  with  alkaline  carbonates. 

Diff.  —  Characterized  by  its  vitreous  luster,  color  and  pleochroism;  fusible  on  the  edges 
unlike  quartz;  less  hard  than  sapphire. 

liicro.  —  Recojqiized  in  thin  sections  by  lack  of  color;  low  refraction  and  low  inter- 
ference-colors; it  is  very  similar  to  quartz,  but  distinguished  by  its  biaxial  character;  in 
volcanic  rocks  commonly  shows  distinct  crystal  outlines  and  a  twinning  of  three  individuals 
like  aragonite.  In  the  gneisses,  etc.,  it  is  in  formless  grains,  but  the  common  occurrence  of 
Inclusions,  especially  of  sillimanite  needles,  the  pleochroic  halos  of  a  yellow  color  aroimd  «nall 
inclusions,  particularly  zircons,  and  the  constant  tendency  to  alteration  to  micaceous  pinite 
seen  along  cleavages,  help  to  distinguish  it. 

pbs,  —  Occurs  in  granite,  gneiss  (cardierite-ffneiss)^  homblendic,  chloritic  and  talcose 
schist,  and  allied  rocks,  with  quartz,  orthoclase  or  albite,  tourmaline,  hornblende,  andalu- 
site,  sillimanite,  garnet,  and  sometimes  beryl.  Less  commonly  in  or  connected  with  igne- 
ous rocks,  thus  formed  directly  from  the  magma,  as  in  andesite,  etc.;  also  in  ejected  masses 
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(in  fragments  of  older  rocks) ;  further  formed  as  a  contact-mineral  in  connection  with  erup- 
tive dikes,  as  in  slates  adjoining  granite. 

Occurs  at  Bodenmais,  Bavana,  in  granite,  with  p3rrrhotite,  etc.;  Orijiirvi.  in  Finland 
Uteinheilite)-;  Tunaberg,  in  Sweden;  from  Switserland;  in  colorless  crystals  from  Brazil; 
Ceylon  affords  a  transparent  variety,  the  taphir  d'eau  of  jewders;  from  Ibity,  Madagascar; 
from  Greenland. 

In  the  United  States,  at  Haddam,  Conn.,  associated  with  tourmaline  in  a  granitic  vein  in 
sneiss.  In  large  altered  crystals  from  litchndd.  Conn.  AtBrimfidd,  Mass.;  atRichnoond. 
N.  H. 

Named  loliie  from  *ioif,  violet,  and  XcAk,  sUme;  DickroUe  (from  Sixpoot,  iwo-coU/red), 
from  its  dichroism;  CordierUe,  after  Cordier,  the  French  geologist  (1777-1861). 

Alteration.  The  alteration  of  iolite  takes  place  so  r^tdily  bv  ordinary  exposure,  that 
the  mineral  is  most  commonly  found  in  an  altered  state,  or  enclosed  in  the  altered  iolite. 
This  change  may  be  a  simple  hydration;  or  a  removal  of  part  of  the  protoxide  bases  by  car- 
bon dioxide;  or  the  introduction  of  oxide  of  iron;  or  of  alkalies,  forming  pinite  and  mica. 
The  first  step  in  the  change  consists  in  a  division  of  the  prisms  of  iolite  mto  plat«s  parallel 
to  the  base,  and  a  pearly  loliation  of  the  surfaces  of  these  plates;  with  a  chan^  of  color  to 
grayish  green  and  greenish  gray,  and  sometimes  brownish  ^^y.  As  the  alteration  proceeds, 
the  foliation  becomes  more  complete;  afterward  it  may  be  lost.    The  mineral  in  this  altered 

condition  has  many  names:  as  hydrous  iolite  ( including  bansdorffite  and  auralite)  from  Abo. 
Finland;  fahlunite  from  Falun,  Sweden,  also  pyrargiUite  from  Helsingfors;  esmarkite  and 
prxueolite  from  near  Brevik,  Norway,  also  raumite  from  Raumo,  Finland,  and  peplolite  from 
Ramsber^,  Sweden;  chlorophyllite  from  Unity,  Me.;  aspasiolite  and  polydiroilite  from 
Kragerd.  There  are  further  alkaline  kinds,  as  pinite,  catcupilite,  gigantolile,  tberite,  belong- 
ing to  the  Mica  Group. 

Use.  —  Iolite  lb  sometimes  used  as  a  gem. 


Jurupaite.     Hs(Ca,Mg)sSii07.     Monoclinic?      Radiating  fibrous.     White.      H.  sr  4. 
G.  =  275.    n  =  1*57.    Crestmore,  Cal. 


The  following  are  rare  lead,  zinc,  and  barium  silicates: 

Barysilite.  PbsSitOr.  Rhombohedral.  In  embedded  masses  with  curved  lamellar 
structure.  Cleavage:  basal.  H.  =  3.  G.  »  6'1 1-^-55.  Color  white;  tarnishing  on 
exposure.    From  the  Harstig  mine,  Pajsberg,  and  Langban,  Sweden. 

Molybdophyllite.  (Pb,Mg)Si04.HsO.  Hexagonal.  In  irregular  foliated  masses  with 
perfect  basal  cleavage.  H.  =  3-4.  G.  =  47.  Colorless  to  pale  green,  a  =  1*81. 
Difficultly  fusible.    From  L&ngban,  Sweden. 

Ganooudite.  Pb4(PbOH)2Cai(Sis07)i.  In  prismatic  crs^stals  (tetragonal);  also  mas- 
sive, granular.  H.  =  3.  G.  »  574.  Colorless  to  gray.  Indices,  1*83-1*93.  Fkt)m 
Langban,  Sweden;  also  Jakobsberg. 

Nasonite.  Closely  related  to  ganomalite.  Pb4(PbCl)iCa4(Si|07)s.  Probably  tetragonal. 
Massive,  granular  cleavable.    H.  »  4.    G.  «  5*4.    White.    Fusible.    From  Frankhn^  N.J. 

Margarosanite.  Pb(Ca,Mn)2(SiOs)s.  Triclinic.  Slender  prismatic  crystals  and  cleav- 
able granular.  Three  cleavages,  one  perfect.  Colorless  and  transparent  with  pearly  lus* 
ter.    H.  =  2*5-3.  G.  »  3*99.   Easily  fusible.    From  Franklin,  N.  J.,  and  L&ngban,  Sweden. 

Hardvstonite.  Ca^ZnSisO?.  Tetragonal.  In  granular  masses.  Three  cleavages. 
H.  =  3-4.    G.  =  3*4.    Colorwhite.    From  Franklin,  N.  J. 

Hyalotekite.  Approximately  (Pb,Ba,Ca)Bi(SiOi)ii.  Massive;  coarsely  crystalline. 
H.  =  5-5-5.    G.  =  3*81.    Color  white  to  pearly  gray.    From  L&ngban,  Sweden. 

Barylite.  Ba4Al4Si70i4.  In  groups  of  colorless  prismatic  orthorhombic  crystals. 
H.  =  7.  G.  =  403.  Luster  greasy.  Optically  -h.  iS  =  1*685.  Occurs  with  hedyphane 
in  crystalline  limestone  at  L&ngban,  Sweden. 

II     HI 

Taramellite.  Ba4FeFe4SiioO»i.  Orthorhombic?  Fibrous.  Color  reddish  brown. 
H.  =  5*5.  G.  «  3*9.  Strong  pleochroism,  almost  black  to  flesh-red.  Found  in  Ume- 
stone  at  Candoglia,  Italy. 

Roeblingite.  5(H2CaSi04).2(CaPbS04).  In  dense,  white,  compact,  crystalline  masses. 
H.  =  3.     G.  =  3-433.     From  Franklin  Furnace,  N.  J. 
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m.  Orthosilicates.    R«Si04 

Salts  of  Orthosilicic  Acid,  H4Si04;  characterized  by  an  oxygen  ratio  of 
1  :  1  for  silicon  to  bases. 

The  following  list  includes  the  more  prominent  groups  among  the  Ortho- 
silicates. 

A  number  of  basic  orthosilicates  are  here  included,  which  yield  water  upon  ignition: 
also  others  which  are  more  or  less  basic  than  a  normal  orthosilicate.  but  which  are  oi 
necessity  introduced  here  in  the  classification,  because  of  their  relationship  to  other  normal 
salts.  The  Mica  Group  is  so  closely  related  to  many  Hydrous  SiUcates  that  (with  also 
Talc,  Kaolinite,  and  some  others)  it  is  described  later  with  them. 


Nephelite  Group.    Hexagonal. 
SocbKte  Group.     Isometric. 
Helvite    Group.    Isometric-tetrahe- 

dral. 
Garnet  Group.     Isometric. 
Chrysolite  Group.      Orthorhombic. 
Phenacite  Group.      Tri-rhombohe- 

dral. 


Scapolite  Group.  Tetragonal- 
pyramidal. 

Zircon  Group.    Tetragonal. 

Danburite  Group.  Orthorhom- 
bic. 

Datolite  Group.     Monoclinic. 

Epidote  Group.    Monoclinic. 


Nephelite  Group.    Hexagonal 

I 
Typical  formula  RAlSi04 

NepheUte  K,Na«AUSi9034 

Soda-nephelite  (artif.)    NaAlSi04 
Eucryptite  LiAlSi04  Ealiophilite 


Cancrinite 
Microsommite 


H6Na«Ca(NaCO,)2Ala(Si04)9 
(Na,  K)  ioCa4Ali2Sii2062SCl4 


c  =  0-8389 
KAlSi04 

2c  =  0-8448 
2c  =  0-8367 


The  species  of  the  Nephelite  Group  are  hexagonal  in  crystallization  and 

I 

have  in  part  the  typical  orthosilicate  formula  RAlSi04.  From  this  formula 
nephelite  itself  deviates  somewhat,  though  an  artificial  soda-nephelite, 
NaAlSi04,  conforms  to  it.  The  species  Cancrinite  and  Microsommite  are 
related  in  form  and  also  in  composition,  though  in  the  latter  respect  some- 
what complex.  They  serve  to  connect  this  group  with  the  sodalite  group 
following. 

NEPHELITE.    Nepheline.    Elteolite. 

Hexagonal-hemimorphic  (p.  101).    Axis  c  =  0'83893. 

In  thick  six-  or  twelve-sided  prisms  with  plane  or  modified  summits. 
Also  massive  compact,  and  in  embedded  grains;  structure  sometimes  thin 
columnar. 

Cleavage:  m  (110)  distinct;  c  (001)  imperfect.  Fracture  subconchoidal. 
Brittle.  H.  =  5*5-6.  G.  =  2*56-2-65.  Luster  vitreous  to  greasy;  a  little 
opalescent  in  some  varieties.  Colorless,  white,  or  yellowish;  also,  when  mas- 
sive, dark  green,  greenish  or  bluish  gray,  brownish  red  and  brick-red.  Trans- 
parent to  opaque.    Optically  — .    In(fices:  w  =  1*542,  c  =  1*538. 

Vm.  —  1.    Nephelite.    Glassy.  —  Usually  in  small  glassy  crystals  or  ^ains,  transparent 
with  vitreous  luster,  first  found  on  Mte.  Somma,  Vesuvius.    Characteristic  particularly  of 
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youniper  eruptive  roclai  and  lavas.  2.  ElaoUU,  —  In  lar^e  eoaree  erpstaJk,  or  more  oom- 
monlv  maanve.  with  a  greasv  luster,  and  reddkh,  greeudi,  brownnfa  or  grav  in  color. 
Usually  doudeg  by  minute  indusionR.  Characteristic  of  granular  crystalline  loekBy  syenite. 
etc. 

Coinp.  —  NaAlSi04.    This  is  the  composition  of  the  artificial  mineral. 

Natural  nephelite  always  contains  silica  in  varying  excess  and  also  small 

amounts  of  potash .    The  composition  usuaUy  approximates  to  NasKsAUSi^OM- 

Synthetic  experiments,  sridding  crystals  like  nephdite  with  the  composition  NaAlSiO*. 
lead  to  the  conclusion  that  a  natural  soda-nephehte  would  be  an  orthoBilicate  with  tiii? 
formula,  while  the  higher  silica  in  the  potash  varieties  may  be  explained  by  the  presence, 
in  molecular  combination,  of  KAlSiOi  and  NaAlSi^Qg  (albite  in  hexagonal  modification  •• 
The  variation  in  composition  may  be  more  simply  explained  by  consideTing  nminal  nephe- 
Ute,  NaAlSiOt,  to  take  up  in  scmd  solution  siuca  or  other  silicate  moleaues.  The  otho* 
speciei  of  the  group  are  normal  orthostlicates,  vis.,  eucryptite  IiAlSi04.  and  kaJiophihte, 

Pytj  etc.  —  B.B.  fuses  quietly  at  3'5  to  a  colorless  glass,  coloring  the  flame  3reIlow. 
Gelatinues  with  acids. 

DUf.  —  Distinguished  by  its  ^elatinixing  with  acids  from  sci^whte  and  feld^Mu-,  as 
also  from  apatite,  from  which  it  differs  too  in  its  greater  hardness.  Massive  varieties  have 
a  characteristic  greasy  lusto*. 

Micro.  —  Recognued  in  thin  sections  bv  its  low  refraction;  very  low  interference- 
colors^  which  scarcely  rise  to  gray;  parallel  extinction  when  in  crystals;  faint  nc^tive 
uniaxial  cross  srieldedby  basal  sections  in  convo-ging  li^t.  The  negative  character  is  best 
told  by  aid  of  the  |m38um  plate  (see  p.  266) .  MicroK^emical  tests  serve  to  distingiiLsh  non- 
characteristic  particles  from  similar  ones  of  alkali  feldspar;  the  section  is  treated  with  dOute 
acid,  and  the  resultant  gelatinous  silica,  which  coats  the  nephdite  particles,  stained  with 
eosine  or  other  dye. 

Artif .  —  Nephelite  is  easily  prepared  artificially  by  fusing  its  constituents  together  in 
the  proper  proportions. 

Ubs.  -^  Nephelite  is  rather  widely  distributed  (as  shown  by  the  microscopic  study  of 
rocks)  in  igneous  rocks  a«  the  product  of  crystallisation  of  a  magma  rich  in  sooa  and  at  the 
same  time  low  in  silica  (which  last  prevents  the  soda  from  being  used  up  in  the  formation 
of  albite).  It  is  thus  an  essential  component  of  the  nephelite-syenites  and  phonolites  where 
it  is  associated  with  alkali  feldspars  cniefly.  It  is  also  a  constituent  of  more  basic  augitic 
rocks  such  as  nephelinite,  nepnc^te-basalts,  nephelite-tephntes,  theralite,  etc.,  most  of 
which  are  volcanic  in  origin.  The  variety  daoliie  is  associated  with  the  granular  plutonic 
rocks,  while  the  name  nephelite  was  originally  used  for  the  fresh  glassy  crystals  of  the 
modem  lavas;  the  terms  have  in  this  sense  the  same  relative  significance  as  orthodase  and 
sanidine.    Modem  usage,  however,  tends  to  drop  the  name  doKdite, 

The  original  nephelite  occurs  in  crystals  in  the  older  lavas  of  Mte.  Somma,  Vesuvius,  with 
mica,  vesuvianite,  etc.;  at  Capo  di  Bove,  near  Rome;  in  the  basalt  of  Katzenbuckel,  near 
Heidelberg,  Germany;  Aussig  m  Bohemia;  Lobau  in  Saxony.  Occurs  also  in  massive  forms 
and  large  coarse  crystals  {dcBolite)  in  the  nephelitewsyenites  of  Southern  Norway,  especially 
along  the  Langesund  fiord;  similarly  in  west  Greenland;  the  peninsula  of  Kola,  Russia; 
Miask  in  the  lunen  Mts.  (in  the  rock  miaacite) ;  Sierra  Monchique,  Portugal  (in  the  rock 
foyaite);  Ditr6,  Himgary  (in  the  rock  dt^roito) ;  Pousac,  France;  BrazU;  South  Africa. 

ElflBolite  occurs  massive  and  crystallised  at  Litchfield,  Me.,  with  cancrinite;  Salem, 
Mass.;  Red  Hill,  N.  H.;  in  the  Ozark  Mts.,  near  Magnet  Cove,  Ark.;  elaeolite-syenitc 
is  also  found  near  BeemersviUe,  northern  N.  J.;  near  Montreal,  Canada;  at  Dun^annon 
township,  Ontario,  in  enormous  crystals.  Nephelite  rocks  also  occur  at  various  points,  as 
the  Transpecos  district,  Texas;  Puot  Butte,  Texas;  also  in  western  North  America,  as  in 
Col.  at  Cripple  Creek;  in  Mon^  in  the  Crazy  Mts..  the  Highwood,  Bearpaw  and  Judith 
Mts.;  Black  Hills  in  S.  D.;  Ice  River,  British  Columbia. 

Named  nephelite  from  vc^cXiy,  a  cloud,  in  allusion  to  its  becoming  cloudy  when  immersed 
in  strong  acid;  eUeolite  is  from  cXaioy,  oU,  in  allujsion  to  its  greasy  luster. 

Oieaeckite  is  a  pseudomorph  after  nephelite.  It  occurs  in  Greenland  in  six-eided  green- 
ish gray  prisms  oi  greasy  luster;  also  at  Diana  in  Lewis  Co.,  N.  Y.  Dysuntribite  from 
Diana  is  similar  to  gieseckite,  as  is  also  li^>eneritej  from  the  valley  of  Fleims,  in  Tyrol, 
Austria.    See  further  Pinitb  under  the  Mica  Group. 

Bucr]rptlte.  LiAlSi04.  In  symmetrically  arranged  crystals  (hexagonal),  embedded, 
in  albite  and  derived  from  the  alteration  of  spodumene  at  BranchviUe,  (Jonn.  (see  Fig.  488, 
p.  181).    G.  -  2*667.    Ck>lorle8S  or  white. 
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Kaliophilite.  KA]Si04.  Phaoellite.  Phacelite.  Faoellite.  In  bundles  of  slender 
acicular  crystals  (hexagonal),  also  in  fine  threads,  cobweb-like.  H.  »  6.  G.  »  2'493- 
2*602.    Colorless.    Occurs  in  ejected  masses  at  Mte.  Somma,  Vesuvius. 

CANCRINITB. 

^^Hexagonal.  Axis  c  =  0*4224;  and  mp  lOlO  A  lOTl  =  64**,  pp'  1011  A 
Olll  =  25°  58'.  Rarely  in  prismatic  crystals  with  a  low  terminal  pyramid. 
Usually  massive. 

Cleavage:  prismatic,  m  (lOlO)  perfect;  a  (1120)  less  so.  H.  =  5-6. 
G.  =  2-42-2'5.  Color  white,  gray,  yellow,  green,  blue,  reddish.  Streak 
uncolored.  Lus.ter  subvitreous,  of  a  little  pearly  or  greasy.  Transparent  to 
translucent.     Optically  — .     «  =  1*524.     €  =  1-496. 

Comp.  —  H«Na«Ca(NaC03)»Al8(Si04)9  or  3Hti0.4Na20.Ca0.4Al208. 
9SiO,.2C02  =  Silica  38-7,  carbon  dioxide  6*3,  alumina  29*3,  lime  40,  soda 
17-8,  water  3*9  =  100. 

Pyr.|  etc.  —  In  the  closed  tube  gives  water.  B.B.  loses  color^  and  fuses  (F.  »  2)  with 
intumescence  to  a  white  blebbv  glass,  the  very  easy  fusibility  distinguishing  it  readily  from 
nephelite.  Effervesces  with  hydrochloric  acid,  and  forms  a  jelly  on  heating,  but  not 
before. 

Micro.  —  Recognized  in  thin  sections  by  its  low  refraction;  quite  high  interference- 
colors  and  negative  uniaxial  character.  Its  common  association  with  nepnelite,  socialite, 
etc.,  are  valuable  characteristics.  Evolution  of  COt  with  acid  distinguishes  it  from  all  other 
minerals  exc^t  the  carbonates,  which  show  much  higher  interference-colors. 

ArtLf.  —  Cfancrinite  has  been  prepared  artificially  by  heating  under  pressure  a  mixt\ire 
of  sodium  silicate,  alumina  and  sodium  carbonate;  also  by  the  treatment  of  nephelite  and 
labradorite  bv  soaium  carbonate  at  hi^^  temperatures. 

Obs.  —  cfancrinite  occurs  only  in  igneous  rocks  of  the  nephelite-syenite  and  related 
rock  ^upe.  It  is  in  part  believed  to  be  original,  i.e..  formed  directly  from  the  molten  mag- 
ma; m  part  held  to  be  secondary  and  formed  at  tne  expense  of  nephelite  bsr  infiltrating 
waters  holding  calcium  carbonate  in  solution.  Prominent  localities  are  Miask  in  the  Ilmen 
Mts.,  Russia,  m  coarse-grained  nephelitensyenite:  similarly  at  Barkevik  and  other  localities 
on  the  Langesund  fiord  in  southern  Norway;  in  tne  parish  of  Knolaj&rvi  in  northern  Finland 
(where,  associated  with  orthoclase,  segirite  and  nepnelite,  it  compoises  a  mass  of  cancrinite- 
syenite);  at  Ditr6,  Transylvania,  etc.;  in  nephehte-syenite  of  Sama  and  Alno  in  Sweden, 
and  in  Brazil;  also  in  smcul  amount  as  an  occasional  acces8ofy~  component  of  many  phono- 
litic  rocks  at  various  localities. 

In  Uie  United  States  at  Litchfield  and  West  Gardiner,  Me.,  with  elseohte  and  blue  soda- 
lite.    Named  iJter  Count  Cancrin,  Russian  Minister  of  Finance. 

SuLPHATic  CANCRiNiTE  with  nearly  one-half  the  COs  replaced  by  SOs  is  found  in  an 
altered  rock  on  Beaver  Creek,  Gunnison  Co.,  Col.  Has  lower  refractive  indices  ancf  bire- 
fringence than  (MncrinUe. 

Microsommite.  Near  cancrinite;  perhaps  (Na,l()ioCa4AlisSiitOisSCl4).  In  minute 
colorless  prismatic  crystals  (hexagonal.  See  Fig.  30,  p.  19).  From  Vesuvius  (Monte 
Somma).    H.  =  6.    G.  =  2-42-2-53.    «  =  1-521.    e  =  1-529. 

Davyne.  Near  microsonmiite.  From  Mte.  Somma;  Laacher  See,  Germany.  <a  = 
1-618.    <  «  1-621. 


Sodalite  Group.    Isometric 

SodaUte  Na4(AlCl)Al2(Si04)3 

Haiiynite  (Na«,Ca)2(NaS04.Al)Al,(Si04)8 

NoseHte  Na4(NaS04.Al)Al2(Si04)8 

Lazurite  Na4(NaS,.Al)Al2(Si04)3 

The  species  of  the  Sodalite  Group  are  isometric  in  crystallization  and  per- 
haps tetrahedral  like  the  following  group.  In  composition  they  are  peciiUar 
(like  cancrinite  of  the  preceding  group)  in  containing  radicals  with  CI,  SO4  and 
S,  which  are  elements  usually  absent  in  the  sihcates.    These  are  shown  in  the 
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formulas  written  above  in  the  form  suggested  by  Brogger,  who  shows  that 
this  group  and  the  one  following  may  be  included  with  the  garnets  in  a  broad 
group  characterized  by  isometric  crystallization  and  a  close  resemblance  in 
composition.    See  further  under  the  Garnet  Group  proper,  p.  505. 

The  formulas  are  also  often  written  as  if  the  compound  consisted  of  a  siK- 
cate  and  chloride  (sulphate,  sulphide)  —  thus  for  sodalite,  3NaAlSi04  +  NaCl, 
etc. 

SODALITE. 

Isometric,  perhaps  tetrahedral.  Common  form  the  dodecahedron. 
Twins:  tw.  pi.  o  (111),  forming  hexagonal  prisms  by  elongation  in  the  direction 
of  an  octahedral  axis  (Fig.  406,  p.  165).  Also  massive,  in  embedded  grains;  in 
concentric  nodules  resembling  chalcedony,  formed  from  elaeolite. 

Cleavage:  dodecahedral,  more  or  less  distinct.  Fracture  conchoidal  to 
uneven.  Brittle.  H.  =  5*5-6.  G.  =  2-14-2'30.  Luster  vitreous,  sometimes 
inclining  to  greasy.  Color  gray,  greenish,  yellowish,  white;  sometimes  blue, 
lavender-blue,  light  red.  Transparent  to  translucent.  Streak  uncolored. 
n  =  1-4827. 

Comp.  —  Na4(AlCl)Al2(Si04)3  =  SiUca  372,  alumina  31-6,  soda  256, 
chlorine  73  =  101-7,  deduct  (O  =  2C1)  17  =  100.  Potassimn  replaces  a 
small  part  of  the  sodium.  The  formula  may  also  be  written  3NaAlSi04  + 
NaCl. 

Pyr.y  etc.  —  In  the  closed  tube  the  blue  varieties  become  white  and  opa^iue.  B.B. 
fuses  with  intumescence,  at  3*5-4,  to  a  colorless  glass.  Soluble  in  hydrochloric  acid  and 
yields  gelatinous  silica  upon  evaporation. 

Diff.  —  Distinguishea  from  much  analcite,  leucite  and  haU3mite  by  chemical  tests  alone; 
dissolving  the  mineral  in  dilute  nitric  acid  and  testing  for  chlorine  is  the  simplest  and 
best. 

Micro.  —  Recognized  in  thin  sections  by  its  very  low  refraction,  isotropic  character  and 
lack  of  good  cleavage;  also,  in  roost  cases,  by  its  lack  of  color.  In  uncovered  rock  sections 
the  minerals  of  this  group  may  be  distinguished  from  each  other  by  covering  them  with  a 
little  nitric  acid  which  is  allowed  to  evaporate  slowly.  With  sodahte  crystals  of  sodium 
chloride  will  form;  with  haUynite  crystals  of  gypsum;  with  noselite  crystals  of  both  com- 
pounds after  the  addition  of  calcium  chloride;  lazurite  will  evolve  hydrogen  sulphide  which 
will  blacken  silver. 

Attif.  —  Sodalite  can  be  obtained  by  fusing  nephelite  with  sodium  chloride;  also  by  the 
action  of  sodium  carbonate  and  caustic  soda  upon  muscovite  at  500°.  It  has  been'  pro- 
duced also  in  various  artificial  magmas  at  temperatures  below  700**. 

Obs.  —  Sodalite  occurs  only  in  igneous  rocks  of  the  nejihelitensyenite  and  related  rock 
CproupSy  as  a  product  of  the  crystallization  of  a  magma  rich  in  soda;  also  as  a  product  asso- 
ciated with  enclosed  masses  and  bombs  ciected  with  such  magmas  in  the  form  of  lava,  as  at 
Vesuvius.  Often  associated  with  nephelite  (or  elaeolite).  cancrinite  and  eudialyte.  With 
sanidine  it  forms  a  aodaHte-trachyte  at  Scarrupata  in  Isctiia,  Italy,  in  crystals.  In  Sicily, 
Val  di  Noto,  with  nephelite  and  analcite.  At  Vesuvius,  in  bombs  on  Monte  Somma  in  white, 
translucent,  dodecahedral  crystals;  massive  and  of  a  gray  color  at  the  KaiserstuU  and  near 
Lake  Laach.  Germany.  A  variety  from  Monte  Somma  containing  2  per  cent  of  molybde- 
num trioxide  has  been  called  molybdosodalite.  At  Ditro,  Transylvania,  in  an  eh»olite- 
svenite.  In  the  foyaite  of  southern  Portugal.  At  Miask,  in  the  Ilmen  Mts.,  Russia;  in 
the  augite-eyenite  of  the  Langesund-fiord  region  in  Norway.  Further  in  West  Greenland 
in  sodalite-syenite;  the  peninsula  of  Kola,  Russia. 

A  blue  massive  variety  occurs  at  Litchfield  and  West  Gardiner,  Me.  Occurs  in  the 
theralite  of  the  Crazy  Mts.,  Mon.,  also  at  Square  Butte,  Highwood  Mts.,  and  in  the  Bear- 
paw  Mts.,  in  tinguaite.  Occurs  also  in  the  elaeolite-syenite  of  Bromc,  Brome  Co.,  and  of 
Montreal  and  Belceil,  province  of  Quebec;  at  Dungannon,  Ontario,  in  large  blue  masses 
and  in  small  pale  pink  crystals.     At  Kicking  Horse  Pass,  Bristish  Columbia. 

Hackmanite.  A  sodalite  containing  about  6  per  cent  of  the  molecule  Na4(Al(NaS)]A]s 
(Si04)8  from  a  rock  called  taivite  from  the  Tawa  vsuley  on  the  Kola  peninsula,  Lapland. 
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HAUYNITE.    HaUyne. 

Isometric,    Sometimes  in  dodecahedrons,  octahedrons,  etc. 

Twins:  tw.  pi,  o  (111);  contact-twins,  also  polysynthetic;  penetration- 
twins  (Fig.  405,  p.  165).  Commonly  in  rounded  grains,  o  ten  looking  like 
crystab  with  fused  surfaces. 

Cleavage:  dodecahedral,  rather  distinct.  Fracture  flat  conchoidal  to 
uneven.  Brittle.  H.  =  5'5-6.  G.  =  2-4-2  o.  Luster  vitreous,  to  acyrae- 
what  greasy.  Color  bright  blue,  sky  blue,  greenish  blue  ;  asparagus-green, 
red,  yellow.  Streak  slightly  bluish  to  colorless.  Subtransparent  to  translu- 
cent; often  enclosing  symmetrically  arranged  inclusions  (Fig.  840);  n  = 
1-4961. 

Comp.  — Na«Ca(NaS04.Ai)Al2(SiOt}s.  This  is  analogous  to  the  garnet 
formula  (BrJ^ger)  where  the  place  of  the  Ri  is  taken  by  Na^,  Ca  and  the 
group  Na-O-SOj-O-Al.  The  percentage  composition  is :  Silica  320,  sulphur 
trioxide  14-2,  alumina  27-2,  lime  100,  soda  166  =  100.  The  ratio  of  No,  :  Ca 
also  varies  from  3  :  2;  potassium  may  be  present  in  small  amount.  The 
formula  may  also  be  wr  tten  2(Na!,Ca)  Alj(SiO,)j  +  (Na  ,Ca)SO,. 

PTT-  etc.  —  In  the  closed  tube  retains  its  color.  B.B.  in  the  foroepa  fuses  ftt  4'5  to  a 
white  aass.  Soluble  in  hydrochloric  acid  and  yields  gelatinous  silica  upon  evaporation. 
The  solution  nves  atest  for  the  sulphate  radical  with  barium  chloride, 

Hicro.  — Similar  to  sodoliie,  which  see. 

Artir.  —  Has  been  produced  artiScially  in  the  same  ways  as  with  sodalite  with  the  use 
of  a  sulphate  instead  of  a  chloride. 

Oba.  —  Common  in  oert&ia  igneous  rocks,  thus  in  haUynophyre,  in  phont^t«,  tephrite; 
very  commonly  associated  with  nepbelitc  and  leucite.  Occurs  in  the  Vesuvian  lavas,  on 
Mte.  Somma;  at  Melfi,  on  Mt.  Vultur,  Naples;  in  the  lavas  of  the  Campagna,  Rome,  also 


Section  of  crystals  of  haUynite  (after  Mdhl) 


in  a  basalt  tuft  near  Albono,  Italy;  at  Niedermendig,  in  the  Eifel,  Germany;  thef^onolitee 
of  Uohentwiel,  Baden,  Germany. 

Noselite  or  Nosean.  Near  haQynite,  but  contains  tittle  or  no  lime.  Color  ^^yish, 
bluish,  brownish;  sometimes  nearly  opaque  from  the  presence  of  inclusions  {ct.  Fig.  840). 
n  •-  1'495.  Not  uncommon  in  phonolite.  In  Germaay  at  Andernach,  the  Loaoher  See, 
and  dsewhere. 

LAZURITE.    Lafis-Laeuu.    Lasurite. 

Isometric.     In  cubes  and  dodecahedrons.     Common  y  massive,  compact. 

Cleavage:  dodecahedral,  imperfect.  Fracture  uneven.  H.  =  5-5-5, 
G.  =  2-38-2-45.  Luster  vitreous.  Color  rich  Berlin-blue  or  azure-blue, 
violet-blue,  greenish  blue.     Translucent,     n  =  1  -500. 

Comp.  —  Essentia  ly  Nai(NaS  .Al)Alj(Si04)j,  but  containing  also  in  mo- 
lecular combination  haUynite  and  sodalite.  The  percentage  composition  of 
this  ultramarine  compound  is  as  follows:  Si  ica  317,  alumina  26*9,  soda 
27-3,  sulphur  16-9  =  1029,  or  deduct  (0  =  S)  29  =  100. 

The  heterogeneous  character  of  what  had  long  passed  as  a  simple  mineral  under  the  name 
Lapis-lasuli  was  shown  by  Fischer  (1869),  Zirkel  (1873),  and  more  fully  by  Vogelsang  (1873). 
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The  ordinary  natural  lapis  lazuli  is  shown  by  Bro^ger  and  B&ckstrom  to  contain  lasurite 
or  haUynite  (sometimes  changed  to  a  zeolite) ,  a  diopside  free  from  iron,  amphibole  (kok- 
sharovite),  mica  (muscovite),  calcite,  pyrite;  also  in  some  varieties  in  rcJ&tively  sniall 
amoimt  scapolite,  plagioclase,  orthoclase  (microperthite?),  apatite,  titanite,  zircon,  and 
an  undetermined  mineral  optically  +  and  probably  imiaxial.  Regarded  by  Brogger  as 
a  result  of  contact  metamorphism  m  limestone. 

Micro.  —  Similar  to  sodalite,  which  see. 

Pyr.^  etc.  —  Heated  in  the  closed  tube  gives  oflF  some  moistiire;  the  variety  from  Chile 
glows  with  a  beetle-green  light,  but  the  color  of  the  mineral  remains  blue  on  coolins .  Fuses 
easily  (3)  with  intumescence  to  a  white  glass.  Soluble  in  hvdrochloric  acid  and  yi^is  gdati- 
nous  silica  upon  evaporation  and  evolves  hydrogen  sulphide. 

Obs.  •;—  Occurs  in  Badakfi^an,  India,  in  the  vallev  of  the  Kokcha,  a  branch  of  the  Oxus, 
a  few  miles  above  Firgamu.  Also  at  tne  south  end  of  Lake  Baikal,  Siberia.  Further,  in 
Chile  in  the  Andes  of  Ovalle.  In  ejected  masses  at  Monte  Somma,  Vesuvius,  rare.  From 
Siberia  and  Persia. 

Use.  —  The  richly  colored  varieties  of  lapis  lazuU  are  highly  esteemed  for  costly  vases 
and  ornamental  fmmiture;  also  employed  in  the  manufacture  of  mosaics;  and  when  pow- 
dered constitutes  the  rich  and  durable  paint  called  uUramariTie.  This  has  been  replaced, 
however,  by  artificial  ultramarine,  now  an  important  commercial  product. 


^  Helvite  Group*    Isometric-tetrahedral 

Helvite  (Mn,Fe)2(Mn2S)Be,(Si04)j 

DanaUte  (Fe,Zn,Mn),(  (Zn,Fe)2S)Bes(Si04)t 

Eulytite  814(8104)3 

Zunyite  (Al(OH,F,Cl)2)6Al,(Si04)« 

The  Helvite  Group  includes  several  rare  species,  isometric-tetrahedral  in 
crystallization  and  in  composition  related  to  the  species  of  the  Sodalite 
Group  and  also  to  those  of  the  Garnet  Group  which  follows: 

HELVITE. 

Isometric-tetrahedral.  Commonly  in  tetrahedral  crystals;  abo  in  spheri- 
cal masses. 

Cleavage:  octahedral  in  traces.  Fracture  uneven  to  conchoidal.  Brittle. 
H.  =  6-6*5.  G.  =  3*16-3*36.  Luster  vitreous,  inclining  to  resinous.  Color 
honey-yellow,  inclining  to  yellowish  brown,  and  siskin-green,  reddish  brown. 
StrefiJc  uncolored.    Subtransparent.    n  =  1*739.     Pyroelectric. 

Comp.  —  (Be,Mn,Fe)7Si«Oi2S.  This  may  be  written  (Mn,Fe)2(MntS)Bes 
(8104)3  analogous  to  the  Garnet  Group,  the  bivalent  group  -Mn-S-Mn  taking 
the  place  of  a  bivalent  element,  R,  and  3Be  corresponding  to  2A1,  cf.  p.  505. 
Composition  also  written  3(Be,Mn,Fe)2Si04.(Mn,Fe)S. 

Pyr.,  etc.  —  Fuses  at  3  in  R.F.  with  intumescence  to  a  yellowish  brown  opaque  bead, 
becoming  darker  in  R.F.  With  the  fluxes  gives  the  manganese  reaction.  Soluble  in  hydro- 
chloric acid,  giving  hydrogen  sulphide  and  yielding  gelatinous  silica  upon  evaporation. 

Obs.  —  Occurs  at  Schwarzenberg  and  Breitenbrunn,  in  Saxony;  at  Kapnik,  Hungary; 
also  in  the  pegmatite  veins  of  the  augite-syenite  of  the  Langesund  fiord,  Norway;  in  t&e 
Dmen  Mts.,  Russia,  near  Miask,  in  pegmatite.  In  the  United  states,  with  spessartite,  at  the 
mica  mines  near  Amelia  Court-House,  Amelia  Co.,  Va.;  etc.  Named  by  Werner,  m  allu- 
sion to  its  yellow  color,  from  '^Xtos,  the  sun. 

Danalite.  (Be,Fe,Zn,Mn)7Si«0uS.  In  octahedrons;  usually  massive.  H.  «=  5*5-6. 
G.  »  3*427.  Color  flesh-red  to  gray.  Occurs  in  small  grains  in  the  Rockport  granite, 
Cape  Ann,  Mass.;  at  the  iron  mine  at  Bartlett,  N.  H.;  El  Paso  Co.,  Col.  In  En^^nd  at 
Redruth,  Cornwall. 

Buljrtite.  Bi4SisOi3.  Usually  in  minute  tetrahedral  cr^tals;  also  in  spherical  forms. 
H.  =  4*5.  G.  =  d'lOO.  Color  dark  hair-brown  to  grayish,  straw-yellow,  or  colorless, 
n  »  2 '05.  Found  with  native  bismuth  near  Schneebe^,  Saxony;  also  at  Johanngeorgen- 
stadt,  Germany,  in  crystals  on  quartz. 
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Zunyite.  —  A  highly  basic  orthosilicate  of  aluminiumi  (Al(OH,F,Cl)t)eAltSuOu.  In 
minute  trann>arent  tetrahedrons.  H.  =  7.  G.  =  2*875.  From  the  Zufii  mine,  near  Sil- 
verton,  San  Juan  Co.,  and  on  Red  Mountain,  Ouray  Co.,  Col. 


4.   Garnet  Group*    Isometric 


n  nz 


B«R2(Si04)«    or    SRO.R^Os.SSiOj. 


R  =  Ca,Mg,Fe,Mn. 
Garnet 

A.  Grossularite  Ca^AUXSiOOs 

B.  Pyrope  MgaAljCSiOOa 

C.  Albiandite  Fe8Al2(Si04)8 

D.  Spessartite  Mn«Al2(Si04)a 


m 


m 


m 


Schorlomite 


Ca3(Fe,Ti)2(  (Si,Ti)04)8 


R  =  Al,Fe,Cr,Ti. 

E.  Andradite      Ca«Fe2(Si04)j 
Also    (Ca,Mg)3Fe2(Si04)3, 

Ca«Fe2((Si,Ti)04)8 

F.  Uvarovite    Ca8Cr2(Si04)8, 


The  Garnet  Group  includes  a  series  of  important  sub-species  included 
under  the  same  specific  name.  They  all  crystallize  in  the  normal  class  of 
the  isometric  system  and' are  alike  in  habit,  the  dodecahedron  and  trapezo- 
hedron  being  the  common  forms.  They  have  also  the  same  general  formula, 
and  while  the  elements  present  differ  widely,  there  are  many  intermediate 
varieties.  Some  of  the  garnets  include  titanium,  replacing  silicon,  and  thus 
they  are  connected  with  the  rare  species  schorlomite,  which  probably  also  has 
the  same  general  formula. 

Closely  related  to  the  Garnet  Group  proper  are  the  species  of  the  Sodalite  and  llelvite 
Groups  (pp.  501,  504).  AU  are  characterized  by  isometric  crystallization,  and  all  are 
orthosilicates,  with  similar  chemical  structure.  Thus  the  formula  of  the  Garnet  Group  is 
IIIII 

RsRaCSiOi)};  to  this  Sodalite  conforms  if  written  Na4(AlCl)Alj(Si04)3,  where  Na4  and  the 
bivalent  radical  AlCl  are  equivalent  to  R3;  similarly  for  Noselite  (Haiiynite)  if  the  presence 
of  the  bivalent  group  NaSOr-Al  is  assumed. 

In  the  Helvite  Group,  which  is  characterized  by  the  tetrahedral  character  of  the  species 
(perhaps  true  also  of  the  Sodalites),  the  chemical  relation  is  less  close  but  probablv  exists, 
as  exhibited  by  writing  the  formula  of  Helvite  (Mn,Fe)(MnsS)Be8(Si04)s,  where  the  bivalent 
group  -S-Mn-S-  enters,  and  3Be  may  be  regarded  as  taking  the  place  of  2A1. 

GARNET. 

Isometric.    The  dodecahedron  and  trapezohedron,  n  (211),  the  common 
841  842  -  .843 


simple  forms;  also  these  in  combination,  or  with  the  hexoctahedron  s  (321). 
Cubic  and  octahedral  faces  rare.    Often  in  irregular  embedded  grains.    Also 
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massive;  granular,  coarse  or  fine,  and  sometimes  friable;  lamellar,  lamells 
thick  and  bent.    Sometimes  compact,  cryptocrystalline  like  nephrite. 

Parting:  d  (110)  sometimes  rather  distinct.    Fracture  subconchoidal  to 

844 


uneven.  Brittle,  sometimes  friable  when  granular  massive;  very  tough  when 
compact  cryptocrjrstalline.  H.  =  6*5-7 -5.  G.  =  315-4'3,  varying  with  the 
composition.  Luster  vitreous  to  resinous.  Color  red,  brown,  yellow,  white, 
apple-green,  black;  some  red  and  green,  colors  often  bright.  Streak  white. 
Transparent  to  subtranslucent.  Often  exhibits  anomalous  double  refraction, 
especially  grossularite  (also  topazoUte,  etc.),  see  Art.  429.  Refractive  index 
rather  high,  and  varying  directly  with  the  composition.  The  different  pure 
molecules  have  approximately  the  following  indices. 

Pyrope  1*705,  Grossularite  1*735,  Spessartite  I'SOO,  Almandite  1830,  Uvarovite  1*870, 

Andradite  1*895. 

II  III 

Comp.  —  An  orthosilicate  having  the  general  formula  RsR2(Si04)8y  or 
3RO.B408.3Si02.  The  bivalent  element  may  be  calcium,  magnesium,  ferrous 
iron  or  manganese;  the  trivalent  element,  aluminium,  ferric  iron  or  chro- 
mium, rarely  titanium;  further,  silicon  is  also  sometimes  replaced  by  titanium. 
The  different  garnet  molecules  are  isomorphous  with  each  other  although 
there  are  apparently  definite  limits  to  their  miscibility.  The  greater  majority 
will  be  found  to  have  two  or  three  component  molecules;  in  the  case,  however, 
where  three  are  present  one  is  commonly  in  subordinate  amount.  The  index 
of  refraction  and  specific  gravity  vary  directly  with  the  variation  in  composition. 

Var.  —  There  are  thJee  prominent  groups,  and  various  subdivisions  under 
each,  many  of  these  blending  into  each  other. 

I.  Aluminium  Gamely  including 

A.  GrRossuLATiiTE  Calcium-Aluminium  Garnet        Ca8Al2(Si04)s 

B.  Pyrope  Magnesium-Aluminium  Garnet  MgsAlj^SiOi)? 

C.  Almandite  Iron-Aluminium  Garnet  FesAlj(Si04)j 

D.  Spessartite  Manganese- Aluminium  Garnet  Mn»Alj(Si04)3 

II.  Iron  Garnet,  including 

E.  Andradite         Calcium-Iron  Garnet  Ca8Fej(Si04)8 
(1)  Ordinary.     (2)  Magnesian.  (3)  Titaniferous.  (4)  Yttriferous. 

III.   Chromium  Garnet, 

F.  Uvarovite         Calcium-Chromium  Garnet         Ca«Cri(Si04)3 

The  name  Garnet  is  from  the  Latin  rn'onabis^  meaning  like  a  grain,  and  directly  from 
pomegranate,  the  seeds  of  which  are  small,  numerous,  and  red,  in  allusion  to  the  aspect  of 
the  crystals. 
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A.  Grossxtlarite.  Essonite  or  Hessonitel  CiimainonHstone.  Calciumr 
aluminium  Garnet  Formula  SCaO.AlaOs.SSiOj  =  Silica  40*0,  alumina  227, 
lime  37*3  =  100.  Often  containing  ferrous  iron  replacing  the  calcium,  and 
ferric  iron  replacing  aluminium,  and  hence  graduating  toward  groups  C  and 
E.  G.  =  3*53.  Color  (a)  colorless  to  white;  (6)  pale  green;  (c)  amber- 
and  honey-yellow;  (d)  wine-yellow,  brownish  yellow,  cinnamon-brown;  \e) 
rose-red;  rarely  (/)  emerald-green  from  the  presence  of  chromium.  Often 
shows  optical  anomahes  (Art.  429). 

The  original  qrossidarUe  (wUuite  in  part)  included  the  pale  green  from  Siberia,  and  was 
so  named  from  the  botanical  name  for  the  gooseberry;  G.  «  3 '42-3 72.  CinnamonrsUme, 
or  essonite  (more  properly  hessoniie),  included  a  cinnanion-colored  variety  from  Ceylon, 
there  called  hyacinth;  but  under  this  name  the  yellow  and  yellowish  red  kmds  are  usually 
included;  named  from  ij<r<ru>p,  inferior y  because  of  less  hardness  than  the  true  hyacinth 
w^hich  it  resembles.  Succinite  is  an  amber-colored  kind  from  the  Ala  vidley,  Piedmont, 
Italy.     RcrmanzovUe  is  brown. 

rale  green,  yellowish,  and  yellow-brown  garnets  are  not  invariably  grossularite;  some 
(including  topazolit'e,  demantoid,  etc.)  belong  to  the  group  of  Calcium-Iron  Garnet,  or 
Andradite. 

B.  Pyrope.  Precious  garnet  in  part.  Magnesium-aluminium  Garnet, 
Formula  SMgO.AljOa.SSiOj  =  Silica  44*8,  alumina  25*4,  magnesia  29-8  = 
100.  Magnesia  predominates,  but  calciiun  and  iron  are  also  present;  the 
original  pyrope  also  contained  chromium.  G.  =«  3*51.  Color  deep  red  to 
nearly  black.  Often  perfectly  transparent  and  then  prized  as  a  gem.  The 
name  pyrope  is  from  Ttvpojiroi,  fire-like. 

Rhodolite^  of  delicate  shades  of  pale  rose-red  and  purple,  brilliant  by  reflected  hidit, 
corresponds  in  composition  to  two  parts  of  pyrope  and  one  of  almandite;  from  Macon  Co., 
N.  C. 

C.  Almandite.  Almandine.  Precious  garnet  in  part.  Common  garnet 
in  part.  Iron-aluminium  Garnet  Formula  3FeO.Ali03.3Si02  =  Silica  36*2, 
alumina  20*5,  iron  protoxide  43*3  =  100.  Ferric  iron  replaces  the  aluminium 
to  a  greater  or  less  extent.  Magnesium  also  replaces  the  ferrous  iron,  and 
thus  it  graduates  toward  pyrope,  cf.  rhodolite  above.  G.  =  4*25.  Color  fine 
deep  red,  transparent,  in  precious  garnet;  brownish  red,  translucent  or  sub- 
translucent,  in  common  garnet;  black.  Part  of  common  garnet  belongs  to 
Andradite. 

The  Alabandic  carbuncles  of  Pliny  were  so  called  because  cut  and  polished  at  Alabanda. 
Hence  the  name  almandine  or  almandite,  now  in  use. 

D.  Spessartite.  Spessartine.  Manganese-aluminium  Garnet  Formula 
3MnO.Al2O3.3Si02  =  Silica  36*4,  alumina  20*6,  manganese  protoxide  43*0  = 
100.  Ferrous  iron  replaces  the  manganese  to  a  greater  or  less  extent,  and 
ferric  iron  also  the  aluminium.  G.  =  418.  Color  dark  hyacinth-red,  some- 
times with  a  tinge  of  violet,  to  brownish  red. 

E.  Andradite.  Common  Garnet,  Black  Garnet,  etc.  Calcium4ron 
Garnet,  Formula  3CaO.Fe203.3Si02  =  SiUca  35*5,  iron  sesquioxide  3r6,  lime 
33*0  =  100.  Aluminium  replaces  the  ferric  iron;  ferrous  iron,  manganese 
and  sometimes  magnesium  replace  the  calcium.  G.  —  375.  Colors  various: 
wine-,  topaz-  and  greenish  yellow,  apple-green  to  emerald-green;  brownish 
red,  brownish  yellow;  grayish  green,  dark  green;  brown;  grayish  black,  black. 

Named  Andradite  after  the  Portuguese  mineralogist,  d'Andrada,  who  in  1800  described 
and  named  one  of  the  included  subvarieties,  Allochroite.  Chemically  there  are  the  follow- 
ing varieties: 
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1.  Simple  Calciumrircn  Gomel,  in  which  the  protoxides  are  wholly  or  almost  ^ollr 
lime.  IncaideB:  (a)  TopcusolUe,  haying  the  color  and  transparency  of  topaz,  and  aL» 
sometimes  green;  cr3^stals  often  showing  a  vicinal  hexoctahedron.  Demantoid,  a jgrass-greefl 
to  emerald-green  variety  with  brilliant  diamond-like  luster,  used  as  a  gem.  (6)  Colophoniic, 
a  coarse  granular  kind,  brownish  yellow  to  dark  reddish  brown  in  color,  resinous  in  luster, 
and  usu^y  with  iridescent  hues;  named  after  the  resin  cclophony.  (c)  MdaniU  (from 
ftlXar,  blade),  black,  either  dull  or  lustrous;  but  all  black  garnet  is  not  here  included. 
Pvreneiie  is  grayish  black  melanite.  {d)  Dark  green  garnet,  not  distinguishable  from  somt* 
allochroite,  except  by  chemical  trials. 

2.  Manganesian  Caldumriron  Garnet,  (a)  Rothoffite.  The  original  allochroite  was  a 
manganesian  iron-garnet  of  brown  or  reddish  brown  color,  and  of  fine-grained  massive 
structure.  Rcihoffite,  from  LAngban,  Sweden,  is  similar,  yellowish  brown  to  liver>browD. 
Other  common  kinds  of  manganesian  iron-garnet  are  light  and  dark,  dusky  green  and  black, 
and  often  in  crystals.  Polyaddphile  is  a  massive  brownish  yellow  kind,  from  Franklin  I-  ur- 
nace,  N.  J.  Bredbergite,  from  Sala,  Sweden,  contains  a  large  amoimt  of  magnesia.  (Jb)  A]>- 
lome  (properly  haplome)  has  its  dodecahedral  faces  striated  parallel  to  the  shorter  diajgonal, 
whence  Haiiy  inferred  that  the  fundamental  form  was  the  cube;  and  as  this  form  is  simpler 
than  the  dodecahedron,  he  gave  it  a  name  derived  from  airXoot,  simple.  Color  of  the  origi- 
nal aplome  (of  unknown  locality)  dark  brown;  also  found  yeUowish  green  and  brownish 
green  at  Schwarzenberg  in  Saxony,  and  on  the  Lena  in  Siberia. 

3.  Tilaniferous,  Contains  titanium  and  probably  both  TiOs  and  TitOs;  formula  hence 
3CaO.(Fe,Ti,Al)s03.3(Si,Ti)Os.    It  thus  m'aduates  toward  schorlomito.     Color  black. 

4.  Yttriferous  Calcium^ron  Garnet.    Contains  3rttria  in  small  amount;  rare. 

F.   UvAROViTE.     Ouvarovite.     Uwarowit.     Calciumrchromium  Garnet, 
Formula  SCaO.CraOa-SSiOj  =  Silica  35*9,  chromium  sesquioxide  30*6,  lime 
33*5  =  100.    Aluminium  takes  the  place  of  the  chromium  in  part.     H.  =  7-5. 
G.  =  3-41-3-52.     Color  emerald-green. 

Pyr.  etc.  —  Most  varieties  of  garnet  fuse  easily  to  a  lijght  brown  or  black  glass;  F.  =  3 
in  almandito,  spessartite,  and  ^ossularite;  3*5  in  andradite  and  pjrope;  but  uvarovito,  the 
chrome-garnet,  is  almast  infusible,  F.  »  6.  Andradite  and  almandite  fuse  to  a  magnetic 
^obule.  R«u;tions  with  the  fluxes  vary  with  the  bases.  Almost  all  kinds  react  for  iron; 
strong  manganese  reaction  in  spessartite,  and  less  marked  in  other  varieties;  a  chromium 
reaction  in  uvarovite,  and  in  most  pyrope.  Some  varieties  are  partially  decomposed  by 
acids;  all  except  uvarovite  after  i^ition  become  soluble  in  hydrocnloric  acid,  and  generally 
3rield  gelatinous  silica  on  evaporation.     Decomposed  on  fusion  with  alkaline  carbonates. 

The  density  of  garnets  is  largely  dlmimshed  b^r  fusion.  Thus  a  Greenland  garnet  fell 
from  3*90  to  3*05  on  fusion,  and  a  Vilui  grossularite  from  3*63  to  2*95. 

Diff.  —  Characterized  by  isometric  crystallization,  usually  in  isolated  crystals,  dode- 
cahedrons or  trapezohedrons;  massive  forms  rare,  then  usually  granular.  Also  distin- 
guished by  hardness,  vitreous  luster,  and  in  the  common  kinds  the  fusibility.  Vesuvianite 
fuses  more  easily,  zircon  and  quartz  are  infusible;  the  specific  gravity  is  nigh^  than  for 
tourmaline,  from  which  it  differs  in  form;  it  is  much  harder  than  sphalerite. 

Micro.  —  Distinguished  in  thin  sections  by  its  very  high  relief;  lack  of  cleavage;  iso- 
tropic character;  usually  shows  a  pale  pink  color;  sometimes  not  readily  told  from  some  of 
the  spinels. 

Artif.  —  While  members  of  the  garnet  group  have  been  formed  artificially  their  synthe- 
sis is  difficult.  Apparently  they  can  be  produced  only  under  exact  conditions  of  tempera- 
ture and  pressure  tnat  are  difficult  to  reproduce.  Natural  garnets  when  fused  break  down 
into  various  other  minerals. 

Obs.  —  GrosstUarite  is  especially  characteristic  of  metamorphosed  impure  calcareous 
rocks,  whether  altered  by  local  igneous  or  general  metamorphic  processes;  it  is  thus  com- 
monly found  in  the  contact  zone  of  intruded  igneous  rocks  and  in  the  crystalline  schists. 
Almandite  is  characteristic  of  the  mica  schists  and  metamorphic  rocks  containing  alumina 
and  iron;  it  occurs  also  in  some  igneous  rocks  as  the  result  of  later  dynamic  and  metamor- 

?hic  processes;  it  forms  with  the  variety  of  amphibole  called  smaragdite  the  rock  eclogite. 
*i/rope  is  especially  characteristic  of  such  basic  igneous  rocks  ns  are  formed  from  magmas 
containing  much  magnesia  and  iron  with  little  or  no  alkalies,  as  the  peridotites,  dunites, 
etc.;  also  found  in  tne  serpentines  formed  from  these  rocks;  then  often  associated  with 
spinel,  chromite,  etc.  Spessartite  occurs  in  granitic  rocks,  in  quartzite,  in  whetstone  schist«? 
(Belgium);  it  has  been  noted  with  topaz  in  lithophyses  in  rhyohte  (Colorado).  The  black 
variety  of  andradite,  melanite,  is  common  in  eruptive  rocks,  especially  with  nephelite,  leucit<», 
thus  in  phonolites,  leucitophyres,  nephelinites:  in  such  cases  often  titaniferous  or  associated 
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with  a  titaniferouB  garnet,  Hometimes  in  loiial  intergrowth;  it  aim  occurs  as  a  product  of 
contact  metamorphism ,  Demantoid  occurs  in  aerpeatine.  UvarovUe  belongs  particulaily 
with  chromite  in  serpentine;   it  occurs  also  in  graJiulor  limestone. 

Garnet  crystals  often  contain  incluBions  of  foreign  matter,  but  only  in  part  due  to  altera- 
tion; as,  vcsuvianite,  calcitc,  epidote,  quartx  (Fig.  4S6,  p.  180)j  at  times  the  garnet  is  a 
mere  shell,  or  perimorph,  surrounding  a  nucleus  of  another  species.  A  bla^k  garnet  from 
Arendol,    Norway,    con  tains   both    calcite    and   epidote;  347 

crystals  fronj  Tvedestrand,  Norway,  are  wholly  calcite  — 

within,  there  being  but  a  thin  crust  of  garnet.  Crystals 
fnHn  East  Woodstock,  Me,,  are  dodecahedrons  with  a 
thin  shell  of  cinnamon's  tone  enclosing  calcjte;  others  from 
Raymond,  Me.,  show  successive  layers  of  garnet  and 
CBlcit«.    Many  such  cases  have  been  noted. 

Garnets  are  often  altered,  thus  to  chlorite,  serpentine; 
even  to  hmonite.  Cri^stals  of  pyrope  are  sometimes 
surrounded  by  a  chloritic  lone  (kelyphite  of  Schrauf) 
not  homogeneous,  as  shown  in  Fig.  847, 

Among  prominent  foreign  localities  of  garnets,  besides 
those  aheady  mentioned,  are  the  foilowine  —  Gross- 
ULABITe:  Fine  cinn^monsUme  comes  from  Ceylon;  on 
the  Mussa-Alp  in  the  Ala  valley  in  Kedmont,  Italy,  with 
clinochlore    and    diopside;      at    Zermatt,    Switserland; 

pole  yellow  at  Auerbact>,  Germany;  brownish  {romamoirite)  at  Kimito  in  Finland;  honey- 
yc^ow  odahedrora  in  Elba ;  pale  greenish  from  the  banks  of  the  Vilui  in  Siberia,  in  serpeotine 
with  vesuvianitc;  also  from  Ctiklowa  and  Orawitza  in  the  Banat,  Hungary;  with  vesu- 
vianitc  and  wollostonite  in  ejected  masses  at  Vesuvius;  in  white  or  coforleas  crystals  in 
Tellemark,  in  Norway;  also  dark  brown  at  Mudgee.  New  South  Wales;  dark  honey-vellow 
at  Guadalcazar,  and  clear  pink  or  rose-red  dodecahedrons  at  XaloeUic,  Morelos,  Mexico, 
called  variously,  UtnderUe,  xclottodie  and  roeoliU. 

Pyrope;  In  serpentine  {from  peridotite)  near  Meroniti  and  the  valley  of  Krema,  in 
Bohemia  (used  as  a  gem);  at  Z5bbti  in  Saxony;  in  the  Vosgcs  Mts.;  in  the  diamond  dig' 
gings  of  Routh  Africa  ("Cape  rubies").  Aluakdite:  Common  in  granite,  gneiss,  eclogite, 
etc.,  in  many  locaUtics  in  Saxony,  Silesia,  etc.;  at  Eppenreuth  near  Uof,  Bavaria;  in  large 
dodecahedrons  at  Falun  in  Sweden;  hyacinth-red  or  brown  in  the  Ziliertal,  Tyro'i  Austria. 
Preoious  garnet  comes  in  fine  crystals  from  Ceylon,  Pegu,  British  India,  Brazil,  and  Green- 
land. Spessartitb;  From  Aachaffenburg  in  the  Sp«Bsart,  Bavaria;  at  St.  Maroel,  Pied- 
mont, Italy;   near  Chanteioube,  Haute  Vicnne,  France,  etc. 

AwDRADrTE:  The  beautiful  peen  demanioid  or  "Uralian  emerald"  occurs  in  transparent 
ereeniah  rolled  pebbles,  also  in  civstals,  in  the  sold  washing  of  Niihni-TagilBk  in  the  Ural 
Mte.;  green  crystals  occur  at  Scnwar«enberg,  Saxony;  brown  to  green  at  Morawitza  and 
DoKnacska,  Hungary;  emerald-green  at  Dob«chau,  Hungary;  in  the  Ala  valley,  Piedmont, 
Italy,  the  yellow  to  greenish  lopazolile.  AUochroiU,  apple-green  and  yellowish,  occurs  at 
Zermatt,  Switzerland;  black  crystals  (meianite),  also  brown,  at  Vesuvius  on  Mte.  Somma; 
near  Bareges  in  the  Hautes-Pyr^n^es,  France,  {pyreneiU).  Aplome  occurs  at  Schwaricu- 
berg  in  Saxony,  in  brown  to  black  crystals.  Othpr  localities  are  Pfitschtal,  Tyrol,  Austria; 
Lingban,  Sweden;  Pitkaranta,  Finland;  Arendal,  Norway.  Uvarovite:  FoundatSara- 
□ovsKaya  near  Bisersk,  also  in  the  vicinity  of  Kyshtymsk,  Ural  Mts.,  in  chromic  iron;  at 
JordanamUhl,  Silesia;   Pic  Posets  near  Vfnasque  in  the  Pyrenees  on  chromite. 

In  North  America,  in  Me.,  beautiful  crystal  of  cinnamon-stone  (with  vesuvionite)  occur 
at  Parsonsficid,  Fhippsburg,  and  Rumford,  at  Raymond.  In  N.  U,,  at  Hanover,  small 
dear  crystals  in  gneiss;  at  Warren,  cinnamon  garnets;  at  Grafton,  In  Vcr,,  at  New  Fane, 
in  chlorite  slate.  In  Mass,,  in  gneiss  at  Brool^eld;  in  fine  dark  red  or  nearly  black  trape- 
zohedral  crystals  at  Russell,  sometimes  very  large.  In  Conn.,  trapezohcdrons,  in  mica 
slate,  at  Riding  and  Monroe;  dodecahedrons  at  Southbuiy  and  Roxbiuy;  at  Haddam, 
crystals  of  speesartite.  In  N.  Y,,  brown  crystals  at  Crown  Point,  li^Bex  Co.;  colophonite 
as  a  large  vein  at  Willsboro^  Essex  Co.;  in  Middletown,  Delaware  Co.,  large  brown  ciystals; 
a  cinnamon  variety  at  Amity.  In  N.  J.,  at  Franklin,  black,  brown,  yellow,  red,  and  green 
dodecahedral  garnets;  also  near  the  Franklin  Furnace  (polyadelpkUe).  In  Pa.,  in  Chester 
Co.,  at  Pennsbury,  fme  dark  brown  crystals;  near  Knauertown;  at  Chester,  brown;  in 
Concord,  on  Green's  Creek,  resembling  pyrope;  in  Leiperville,  red;  at  Mineral  HiD,  fine 
brown;  at  Avondale  quarry,  fine  hessonite;  uvarovite  at  Woods'  chrome  mine,  Lancaster 
Co.  In  Va.,  beautiful  transparent  spessartite,  ub«1  as  a  gem,  at  the  mica  mines  at  Amelia 
Courtr-House.  In  N.  C,  fine  cinnamon-stone  at  BakersvUle;  red  garnets  in  the  gold  wash- 
ings of  Burke,  McDowell,  and  Alexander  counties;  rhodolUt  m  Macon  Co.;  abo  mined  near 


510 


DESCRIFITVE  MINERALOGT 


MorgBatown  and  Wariieh,  Burke  Co.,  to  be  used  as  "emery,*'  and  as  ''gamet-paiMr."  In 
Ky.,  fine  pyiope  in  the  peridotite  of  £31is  Co.  In  Ark.,  at  Magnet  Cove,  a  titaniferous 
meJanite  with  schoriomite.  Large  dodecahedral  crvstals  altered  to  tblkmte  occur  at  the 
Spurr  Mt.  iron  mine.  Lake  Superior,  Mich.  In  Col.,  at  Nathrop,  fine  iq^esBartite  cryst^ 
in  lithof^yses  in  rfayolite:  in  large  dodecahedral  crystals  at  Ruby  Mt.,  Salida,  Chaffee  Co., 
the  exterior  altered  to  chlorite.  In  Azix.,  yellow-green  crystals  m  the  Gila  cafion;  pjrrope 
on  Uie  Cc^orado  river  in  the  western  part  of  the  territory.  N.  M.,  fine  pyrope  on  the 
NavMO  reservation  with  chrysohte  and  a  chrome-pyroxene.  In  Cal.,  green  with  copper 
ore,  Hope  Valley,  El  Dorado  Co.;  uvarovite,  in  crystals  on  chromite^  at  New  Idria.  Fine 
crystals  <^  a  rich  red  color  and  an  inch  or  more  in  diameter  occur  m  the  mica  s(!faists  at 
Fort  Wrangell,  mouth  of  the  Stickeen  river,  in  Alaska. 

In  Camuia,  at  Marmora,  dark  red;  at  Grenville,  a  cinnamon-stone;  an  emerald-green 
chrome-garnet,  at  Orford,  Quebec,  with  millerite  and  caldte;  fine  cok>rleaB  to  pale  olive- 
green,  or  brownish  crystals,  at  Wakefidd,  Ottawa  Co.,  Quebec,  with  white  pyroxene,  honey- 
yeUow  vesuvianite,  etc.,  also  others  bright  green  carrying  chromium;  diurk  red  garnet  in 
the  townships  of  Villeneuve  (spessartite)  and  Templeton;  at  Hull,  Quebec. 

Use.  —  The  various  colored  and  traoqiarent  garnets  are  used  as  semipiBeious  gem 
S'ones.    At  times  the  mineral  ia  also  used  as  an  abrasive. 

Schorlonitfte.  Probably  analogous  to  garnet,  3CaO.(Fe,Ti)]0».3(Si,Ti)Oi.  Usually 
massive,  blacl^  with  oonchoidal  fracture  and  vitreous  luster.  H.  «  7-7*5.  G.  «  3*81- 
3*88.    From  Magnet  Cove,  Ark.;  in  nephdine^syenite  on  Ice  River,  British  Coiumbia. 


Fartschinite.  (Mn,Fe)tAltSi40u  like  spessartite.  In  small  duU  crystals  (monodinic). 
H.  »  6*5-7.  G.  »  4*006.  Color  yellowish,  reddish.  From  the  auriferous  sands  of  OliLb- 
pian,  Transylvania. 

Agricolite.  Same  as  for  eulytite,  BiJ3i/>u7  but  monodinic.  In  i^obular  or  semi- 
^obular  forms.    From  Johanngeorgenstadt,  Germany. 


Group.    RsSi04.    Orthorhombic 
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MonticeQite 
Forsterite 
Chrysolite 
Hortonolite 


Knebelite 
Tephroite 


CaMgSi04 
Mg2Si04 

(Mg,Fe)tSi04 

(Fe,Mg,Mii),Si04 

Fe,Si04 

(Fe,Mn),Si04 

Mn,Si04 


Tnm"'  hW 

no  Alio  oil  A  oil  a 

46°  54'  59"  52*  0-4337 

49°  51'  60°  43'  0-1648 

49°  57'  60°  47'  0-4656 

49°  15'  60°  10'  0-4584 

49°  24'  61°  25'  0-4600 


:  1  : 0-5758 
:  1  : 0-5857 
:  1  :  0-5865 

:  1  : 0-5793 

:  1  : 0-5939 


The  Chrysolite  Group  includes  a  series  pf  orthosilicates  of  magnesium, 
calcium,  iron  and  manganese.  They  all  crystallize  in  the  orthorhombic  system 
with  but  Uttle  variation  in  axial  ratio.  The  prismatic  angle  is  about  50^,  and 
that  of  the  imit  brachydome  about  60®;  corresponding  to  the  latter  threefold 
twins  are  observed.  The  type  species  is  chrysolite  (or  olivine),  which  contains 
both  magnesium  and  iron  in  varying  proportions  and  is  hence  intermediate 
between  the  comparatively  rare  magnesium  and  iron  silicates. 

In  form,  the  species  of  the  Chrysolite  Group,  RflSi04,  are  dosdy  related  in  an^^e  to 
Chrysoberyl,  BeAl«04;  also  somewhat  leas  dosdy  to  the  species  of  the  Diaspore  Group 
HtAlt04,  etc.    There  is  also  an  interesting  relation  between  the  chrysolites  and  the  homites 
(see  p.  536).  ' 
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CHRYSOLITE.    Olivine.    Peridot. 
Orthorhombic.    Axes  a  :b  :c  ^  0*46675  :  1 

110  A  ITO  -    49**  67'. 

120  A  120  -  W  4'. 
101  A  TOl  «  103**  6'. 
021  A  05l  -    d9*  6\ 

111  A  111  =    40**  6'. 

121  A  l5l  -    72**  13'. 


0-5865. 
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Twins  rare:  tw.  pi.  h  (Oil)  with  angle  between 
basal  planes  of  the  two  individuals  =  60®  47', 
penetration-twins,  sometimes  repeated;  tw.  pi.  w 
(012),  the  vertical  axes  (crossing  at  an  angle  of 
about  30°.  Crystals  often  flattened  ||  a  (100)  or  b  (010),  less  commonly 
elongated  ||  c  axis.    Massive,  compact,  or  granular;  in  embedded  grains. 

Cleavage:  h  (010)  rather  distinct;  a  (100)  less  so.  Fracture  conchoidal. 
Brittle.  H.  =  6-5-7.  G.  =  3*27-3'37,  increasing  with  the  amount  of  iron; 
3*57  for  hyalosiderite  (30  p.  c.  FeO).  Luster  vitreous.  Color  green  —  com- 
monly oUve-green,  sometimes  brownish,  grayish  red,  grayish  green,  becoming 
yellowish  brown  or  red  by  oxidation  of  the  iron.  Streak  usually  uncolored, 
rarely  yellowish.  Transparent  to  translucent.  Optically  -|-.  Ax.  pi.  || 
c  (001),  Bx  ±  a  (100).  Dispersion  p  <  v,  weak.  Axial  angle  large,  a  = 
1-662.    /?  =  1-680.    7  =  1-699. 

Var.  —  Precioiis,  —  Of  a  pale  yellowish  green  color,  and  transparent.  G.  =  3-441, 
3*351.  Occasionally  seen  in  masses  as  large  as  "a  turkey's  egg"  but  usually  much  smaller. 
It  has  long  been  brou^^t  from  the  Levant  for  jewelry,  but  the  exaqt  locality  is  not  known. 

Common;  Olivine.  —  Dark  yellowish  ^een  to  ohve-  or  bottle-green.  G.  «  3*26-3-40. 
Disseminated  in  crystals  or  grains  in  basic  igneous  rocks,  basalt  and  basaltic  lavas,  etc. 
HyalonderUe  is  a  highly  ferruginous  variety. 

Comp.  —  (Mg,Fe),Si04  or  2(Mg,Fe)O.Si02.  "  The  ratio  of  Mg  :  Fe 
varies  widely,  from  16  :  1, 12  : 1,  etc.,  to  2  :  1  in  hyalosiderite,  and  hence  pass- 
ing from  forsterite  on  the  one  side  to 
fayaUte  on  the  other.  No  sharp  line  can 
be  drawn  on  either  side.  Titanium  dioxide 
is  sometimes  present  replacing  silica;  also 
tin  and  nickel  in  minute  quantities. 

Pyr.,  etc.  —  B.  B.  whitens,  but  is  infusible  in 
most  cases;  hyalosiderite  and  other  varieties  rich 
:  in  iron  fuse  to  a  black  magnetic  globule ;  some  kinds 
turn  red  upon  heating.  With  the  fluxes  g^ves 
reactions  for  iron.  Some  varieties  give  reactions 
for  titanium  and  manganese.  Soluble  in  hydro- 
chloric acid  and  3rields  gelatinous  silica  upon 
evaporation. 

Diff.  —  Characterized  by  its  infusibility,  the 
yellow-green  color,  granular  form  and  cleavage 
(quartz  has  none). 

Micro.  —  Recognized  in  thin  sections  by  its  high  relief:  lack  of  color;  its  few  but 
marked  rough  cleavage-cracks;  high  interference-colors,  which  are  usually  the  brilliant 
and  pronounced  tones  of  the  second  order;  parallel  extinction;  biaxial  character;  charac- 
teristic outlines  (usually  with  acute  terminations)  when  in  distinct  cr3r8tals  (Figs.  85(K-852), 
its  frequent  association  with  iron  ore  and  augite,  and  its  very  common  alteration,  in  a  greater 
or  less  degree,  to  serpentine,  the  first  stages  being  marked  by  the  separation  of  iron-ore 
grains  along  the  lines  of  fracture  (Fig.  853). 

Artif .  —  The  different  members  5  the  Chrvsolite  Group  have  been  easily  ssmthesized 
in  various  ways.    They  are  often  observed  in  slags. 
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Obs.  —  Chrysolite  (olivine)  has  two  distinct  methods  of  occurrence:  (a)  in  iipieous 
rocks,  as  peridotite,  norite,  basalt,  ctiabase  and  gabbro,  formed  by  the  crystallisation  of 
magmas  low  in  silica  and  rich  in  magnesia;  from  an  accessory  component  in  such  rocks 
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the  olivine  may  increase  in  amount  until  it  is  the  main  rock  constituent  as  in  the  dunites; 
also  (6)  as  the  product  of  metamorphism  of  certain  sedimentarv  rocks  containing  niagnesia 
and  silica,  as  in  impure  dolomites.  In  the  dunites  and  peridotites  of  ieneous  origin  the 
chrysohte  is  commonly  associated  with  chromite,  spinel,  pyrope,  etc.,  which  are  valuable 
indications  also  of  the  prigin  of  serpentines  derived  from  olivine.  In  the  metamorphic 
rocks  the  above  are  wanting,  and  carbonates,  as  dolomite,  breunnerite,  magnesite,  etc., 
are  the  commoh  associations;  chrysolitic  rocks  of  this  latter  kind  may  also  occur  altered 
to  serpentine. 

Chrysohte  also  occurs  in  grains,  rarely  crystals,  embedded  in  some  meteoric  irons. 
Also  present  in  meteoric  stones,  fre(|uently  in  spherical  forms,  or  chondrules,  sometimes 
made  up  of  a  multitude  of  grains  with  like  (or  unlike)  optical  orientation  enclosing  glass 
between. 

Among  the  more  prominent  localities  are:  Vesuvius  in  lava  and  on  Monte  Somma  in 
ejected  masses,  with  augite,  mica,  etc.  In  Germany  observed  in  the  so  called  sanidine 
bombs  at  the  Laacher  See;  at  Forstberg  near  Mayen  in  the  Eifel  and  forming  the  mass  of 
''olivine  bombs''  in  the  Dreiser  Weiher  near  Daun  in  the  same  region;  at  Sa^bach  in  the 
Kaiserstuhl,  Baden  (hyalosiderite).  In  crystals  of  gem-quality  from  Egypt.  In  Sweden, 
with  ore-deposits,  as  at  Langban,  Pajsberg,  Persberg,  etc.  In  serpentine  at  Snarum,  Nor- 
way, in  large  crystals,  themselves  altered  to  the  same  mineral.  Common  in  the  volcanic 
rockis  of  Sicily,  the  Hawaiian  Islands,  the  Azores,  etc. 

In  the  United  States,  in  Thetford  and  Norwich,  Ver.,  in  boulders  of  coarsely  crystallized 
basalt,  the  crystals  or  masses  several  inches  through.  In  olivine-gabbro  of  Waterville,  in 
the  White  Mts.,  N.  H.;  at  Webster,  in  Jackson  Co.,  N.  C,  with  serpentine  and  chromite; 
with  chromite  in  Loudon  Co.,  Va.;  in  Lancaster  Co.,  Pa.  In  small  clear  olive-green  grains 
with  garnet  at  some  points  in  Ariz,  and  N.  M.  In  basalt  in  Canada,  near  Montr^,  at 
Rougemont  and  Mounts  Royal  and  Montarville,  and  in  eruptive  rocks  at  other  points. 

Alteration  of  chrysolite  often  takes  place  through  the  oxiclation  of  the  iron;  the  mineral 
becomes  brownish  or  reddish  brown  and  iridescent.  The  process  may  end  in  leaving  the 
cavity  of  the  crystal  filled  with  limonite  or  red  oxide  of  iron.  A  very  common  kind  of 
alteration  is  to  the  hydrous  magnesium  silicate,  serpentine,  with  the  partial  removal  of  the 
iron  or  its  separation  in  the  form  of  grains  of  magnetite,  also  as  iron  sesquioxide;  this 
change  has  often  taken  place  on  a  large  scale.    See  further  under  serpentine,  p.  573. 

Chrysolite  is  named  from  xpvc^f  goldy  and  XiBoi.  The  hyalosiderite,  from  oaXot, 
glass  J  and  Mripoiy  iron.  The  chrysolithus  of  Pliny  was  probably  our  topaz;  and  hia  topai 
our  chrysolite. 

Use.  —  The  clear,  fine  green  varieties  are  used  as  a  gem  stone;  usually  called  peridot. 

Iddingsite.  From  the  rock  carmeloite  of  Carmelo  Bay,  Cal.;  a  silicate  resembling  an 
altered  chrysolite,  exact  composition  undetermined.  Has  been  not^  as  a  ))seudomorph 
after  chrysolite  in  a  basalt  from  the  Mittelgebirge,  Bohemia.  Orthorhombio,  foliated  and 
deavable.    G.  »  2*839.    Color  brown. 
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The  axial  ratios  of  the  other  members  of  the  Chrysolite  Group  are  given  in  the  table  on 
p.  510.    Tlie  species  are  briefly  characterized  as  follows: 

Monticellite.  CaMgSi04.  Occurs  in  colorless  to  gray  cr^rstals  on  Mte.  Somma,  Vesu- 
vius; in  masses  {bairachile)  on  Mt.  Monzoni,  Tyrol.  Italy;  in  crystals  or  grains  in  lime- 
stone at  Magnet  Cove,  Ark.     G.  =  3  03-3 -25.     Optically  -.     Indices,  1 '651-1 -668. 

Glaucochroite.  CaMnSi04.  In  embedded  prismatic  crystals.  Crystal  constants  and 
optical  properties  near  those  of  Chrysolite  Group.  Color,  delicate  bluish  green.  Found 
at  Franklin  Furnace,  N.  J.    H.  »  6.    G.  =  3*4. 

Forsterite.  MgsSi04.  Occurs  in  white  crystals  at  Vesuvius;  in  greenish  or  yellowish 
embedded  grains  at  Bolton,  Mass.  (hoUonite).    G.  =  3-21-3-33.    Optically  -h.    /5  =  1-659. 

Hortottolite.  (Fe,Mg,Mn)aSi04.  In  rough  dark-colored  crystals  or  masses.  Occurs  at 
the  iron  mine  of  Monroe,  Orange  Co.,  N.  Y.;  Iron  Mine  Hill,  Cumberland,  R.  I.  G.  »  3*91. 
OpticaUy  -.     Indices,   1768-1*803. 

Fayalite.  Fe2Si04.  From  the  Moumc  Mts..  Ireland;  the  Azores;  the  Yellowstone 
Park;  Rockport,  Mass.,  etc.  From  Cuddia  Mioa,  Island  of  Pantelleria.  Italy.  Crystals 
and  massive,  brown  to  black  on  exposure.  G.  =  4*1  Optically  — .  Inaices,  1*824-1  "874. 
Manganfaymiie  is  a  manganese  variety  found  at  Sddermanland,  Sweden.  * 

Knebelite.     (Fe,Mn)2Si04.     From  Dannemora,  and  elsewhere  in  Sweden.     G.  »  41. 

Tephroite.  MnsSi04;  also  with  zinc,  in  the  variety  roepperUe.  From  Sterling  Hill  and 
Franklin  Furnace,  N.  J.*  also  from  Sweden;  from  Bendemeer,  New  South  Wales.  Color 
flesh-red  to  ash-gray.    G.  =  4*1.    Optically  — .     Index  about  1*80. 


Phenacite  Group.     R2Si04.     Tri-rhombohedral 

Waicmite  Zn2Si04  64°  30'  0-6776 

Troostite  (Zn,Mn)2Si04 

Phenacite  BeaSiO*  63°  24'  0-6611 

The  Phenacite  Group  includes  the  above  orthosilicates  of  zinc  (man- 
ganese) and  beryllium.  Both  belong  to  the  tri-rhombohedral  class  of  the 
trigonal  division  of  the  hexagonal  system,  and  have  nearly  the  same  rhombo- 
hedral  angle.  The  rare  species  trimerite,  MnSi04.BeSi04,  which  is  pseudo- 
hexagonal  (triclinic)  is  probably  to  be  regarded  as  connecting  this  group  with 
the  preceding  ChrysoUte  Group. 

The  following  rare  species  are  related: 

Dioptase         H2CuSi04  Tri-rhombohedral 

FriedeUte       H7(MnCl)Mn4(Si04)4 
PyrosmaUte   H7((Fe,Mn)Cl)(Fe,Mn)4(Si04)4 

These  species  are  very  near  to  each  other  in  form,  as  shown  in  the  above  axial  ratios; 
they  further  approximate  to  the  species  of  the  Phenacite  Group  proper.  They  are  also 
closely  related  among  themselves  in  composition,  since  thev  are  all  acid  orthosilicates,  and 
have  the  general  formula  HsRSi04  -  H8H4(Si04)4|  where  (e.g.  for  FriedeUte)  in  the  latter 
form  the  place  of  one  hydrogen  atom  is  taken  by  the  univalent  radical  (MnCl). 

WILLEMITE. 

Tri-rhombohedral.  Axis  c  «  06775;  rr'  (1011)  A  (TlOl)  =  64*^  30';  ee' 
(0lT2)  A  (1012)  =  36^  47'. 

In  hexagonal  prisms,  sometimes  long  and  slender,  again  short  and  stout; 
rarely  showing  subordinate  faces  distributed  according  to  the  phenacite  type. 
Also  massive  and  in  disseminated  grains;  fibrous. 

Cleavage:  c  (OOOl)  easy,  Moresnet;  diflScult,  N.  J.«;  a  (1120)  easy,  N.  J. 
Fracture  conchoidal  to  uneven.    Brittle.    H.  =  5-6.    G.  =  3-89-418.    Luster 
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vitreo-resiDous,  rather  weak.    Color  white  or  greenish  yellow,  when  purest; 
apple-green,  flesh-red,  grayish  white,  yellowish  brown*   often  dark  brown 


(^h 


H^ 


^ii^sb^ 


FigB.  864-867,  New  Jersey,    e  (0ll2),  a  (ll23).  u  <2ll3),  r  (3l2l). 

when  impure.     Streak  uncolored.     Transparent  to  opaque.     Optically  +  , 
u  =  1-693.     «=  1-712. 

Comp.  —  Zinc  orthosilicate,  ZntSiO«  or  2ZnO.SiOt  =  Silica  27 •0,  zinc 
oxide  73*0  =  100.  Manganese  often  replaces  a  considerable  part  of  the  zinc 
(in  irooatite),  and  iron  is  also  present  in  small  ^nount. 

Pyr,,  etc  —  B.B.  in  the  foroeps  glows  and  fuses  with  difficulty  to  a  white  en&md;  the 
varieties  from  New  Jersey  fuse  from  3'5  to  4.  The  powdered  mineral  on  charcoal  in  R.F. 
gives  a  coating,  yellow  while  hot  and  white  on  cooling,  which,  moisteued  with  solution  of 
colult,  and  treated  in  0,F.,  ia  colored  bright  green.  With  soda  the  coating  is  more  readily 
obtained.    Soluble  in  hydrochloric  acid  and  yields  gelatinous  siUca  upon  evaporation. 

Obs.  ^From  Altenberg  near  Moresnet,  Belgium;  at  Stolberg,  near  Aii-la-Chapeflp. 
From  Musartut,  Greenland;  Mindouli,  French  Congo;  Kristiajiia,  Norway.  In  N.  J. 
at  Mine  Hill,  Franklin  Furnace,  and  at  Sterling  Hill,  two  miles  distant.  Occurs  with  lincite 
and  franklinite,  varying  in  color  from  white  to  paJe  honey-yeliow  and  Ught  green  to  dark 
ash-gray  and  fieah-red;  sometimes  in  large  reddish  crystals  {IrootlUe).  Rare  at  the  Merritt 
mine,  Sscorro  Co.,  N.  M.;  also  at  the  Sedalia  mine,  Saiida,  Col.  Named  by  Uvy  after 
William  I.,  Kin^  of  the  Netherlands. 

Use.  —  An  ore  of  zinc. 

PHEKACITE. 

Tri-rhombohedral.    Axis  c  =  0-6611;  r/  (loTl)  A  (TlOl)  =  63"  24'. 

Crystals  commonly  rhombohedral  in  habit,  often  lenticular  in  form,  the 


Florissant,  Col. 


Mt.  Antero,  Col., 


prisms  wanting;   also  prismatic,  sometimes  terminated  by  the  rhombohedron 
of  the  third  series,  x  (see  further,  pp.  110-112). 
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Cleavage:  a  (1120)  distinct;  r  (lOll)  imperfect.  Fracture  conchoidal. 
Brittle.  H.  =  7-5-«.  G.  =  2-97-300.  Luster  vitreous.  Colorless;  also 
bright  wine-yellow,  pale  rose-red;  brown.  Transparent  to  subtranslucent. 
Optically  +.    «  =  1-6540;  €  =  16697. 

Conq>.  —  Beryllium  orthosilicate,  BejSi04  or  2BeO.SiOa  =  Silica  54'45,  glu- 
cina  45*55  =  100. 

Pyr.,  etc.  —  Alone  remains  unaltered;  with  borax  fuses  with  extreme  slowness,  unless 
pulverized,  to  a  transparent  glass.  With  soda  affords  a  white  enamel;  with  more,  intu- 
mesces  and  becomes  infusible.    Dull  blue  with  cobalt  solution. 

Obs.  —  Occurs  at  the  emerald  and  chrysoberyl  mine  of  Takovaya,  85  versts  east  of  Eka- 
terinburg, Ural  Mts.;  also  in  the  Ilmen  Mts.,  near  Miask,  Russia;  near  Framont  in  the 
Vosges  Mts.;  Krager5,  Norway:  at  the  Cerro  del  Mercado,  Durango,  Mexico;  crystals 
from  San  Miguel  di  Piracicaba,  Minas  Geraes,  Brazil. 

In  Col.,  on  amazon-stone,  at  Topaz  Butte,  near  Florissant,  16  miles  from  Pike's  Peak; 
also  on  quartz  and  beryl  at  Mt.  Antero,  Chaffee  county.  Occurs  at  Chatham,  N.  H. 
Named  from  ^a|,  a  deceiver ,  in  allusion  to  its  having  been  mistaken  for  quartz. 


Trimerite.  (Mn,Ca)sSi04.Bet8i04.  In  thick  tabular  prismatic  crystals,  pseudo- 
hexagonal  (triclinic)  in  form  and  angle.  H.  —  6-7.  G.  »  3*474.  Color  salmon-pink  to 
nearly  colorless  in  small  crystals.  Optically  — .  Indices,  1 '715-1 726.  From  the  Harstig 
mine,  Wermland,  Sweden. 

Dioptase.     H2CuSi04  or  H2O.CuO.SiO2.    Commonly  in  prismatic  crystals  M  02Sl 
A  2021  =  84**  33J').    Also  in  crystalline  aggregates;    massive.    Cleavage:   r  (1011)  per- 
fect.    Fracture  conchoidal  to  uneven.     H.  =  5.     G.  — 
3*28^3*35.    Luster  vitreous.    Color  emerald-green.    Opti- 
cally -!-.«  =  1-664.    c  =  1-707. 

Occurs  in  druses  of  well-defined  crystals  on  quartz, 
occupjring  seams  in  a  compact  limestone  west  of  the  hill 
of  ^tyn-Tiibe  in  the  Kir^z  Steppe,  Russia;    in   the 

S)ld  washinm  at  several  pomts  in  Siberia;  at  Rezbdnva, 
ungary.  From  Copiapo,  Chile,  on  auartz  with  other 
copper  ores.  In  fine  crystals  at  the  Mine  Mindouli,  two 
leagues  east  of  Comba,  m  the  French  Congo  State.  Also 
at  the  copper  mines  of  Clifton,  Graham  Co.,  and  from 
Metcsdfe  and  near  Florence,  Ariz. 

Planch^ite.     H,Cu7(Cu.OH)8(Si08)it.     Fibrous,  often 
mammillary.    Blue  color.    G.  «  3*4.     Found  associated  with  dioptase,  etc.,  at  Mindouli, 
French  Congo. 

Friedelite.  HyCMnCUMniSi^Ow.  Crystals  conunonly  tabular  ||  c  (0001) ;  also  massive, 
cleavable  to  closely  compact.  H.  =  4-6.  G.  =  307.  Color  rose-red.  From  the  naan- 
ganese  mine  of  Adervielle,  valine  du  Louron,  Hautes  Pyr6n6es,  France;  from  Sj6  mine, 
Wermland,  Sweden;  from  Franklin  Furnace,  N.  J. 

Pyrosmalltc.  H7((Fe.Mn)Cl)(Fe,Mn)4Si40i6.  Crystals  thick  hexagonal  prisms  or 
tabuiar;  also  massive,  foliated.  H.  =  4-4-5.  G.  =  306-319.  Color  blackish  green  to 
pale  liver-brown  or  gray.  Index  about  1*66.  From  the  iron  mines  of  Nordmark  in  Werm- 
land and  at  Dannemora,  Sweden. 


Meionite 
Wemerite 


Scapolite  Group.    Tetragonal-pyramidal 
c  =  0*4393  Mizzonite,  Dipyre 


c  =  0-4384 


Marialite 


c  =  0*4424 
c  =  0-4417 


The  species  of  the  Scapolite  Group  crystallize  in  the  pyramidal  class  of 
the  tetragonal  system  with  nearly  the  same  axial  ratio.  They  are  white  or 
grayish  white  in  color,  except  when  impure,  and  then  rarely  of  dark  color. 
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Hardness  =  5-6 "5;  G.  =  2-5-2-8.  In  composition  they  are  silicates  of 
aluminium  with  calcium  and  sodium  in  varying  amoimts;  chlorine  is  also 
often  present,  sometimes  only  in  traces.  Iron,  magnesia,  potash  are  not 
present  unless  by  reason  of  inclusions  or  of  alteration.  Carbon  dioxide  and 
sulphur  trioxide  have  been  noted  in  certain  analyses.  It  has  been  suggiested 
that  these  radicals  enter  into  the  composition  in  the  same  manner  as  the 
chlorine. 

The  ScapoUtes  are  analogous  to  the  Feldspars  in  that  they  form  a  series 
with  a  gradual  variation  in  composition,  the  amount  of  silica  increasing  with 
the  increase  of  the  alkali,  soda,  being  40  p.  c.  in  meionite  and  64  p.  c.  in  mari- 
alite.  A  corresponding  increase  is  observed  also  in  the  amount  of  chlorine 
present.  Furthermore  there  is  also  a  gradual  change  in  specific  gravity,  in 
the  strength  of  the  double  refraction,  and  in  resistance  to  acids,  from  the  easily 
decomposed  meionite,  with  G.  =  2*72,  to  marialite,  which  is  only  slightly 
attacked  and  has  G.  =  2*63.  Tschermak  has  shown  that  the  variation  in 
composition  may  be  explained  by  the  assumption  of  two  fundamental  end 
compoimds,  viz.: 

Meionite  Ca4AleSi«026  Me 

MariaUte  Na4Al,Si9024Cl  Ma 

By  the  isomorphous  combination  of  these  compounds  the  composition  of 

the  species  mentioned  above  may  be  explained;  no  sharp  line  can,  however, 

be  drawn  between  them. 

Optically  the  series  is  characterized  by  the  decrease  in  the  strength  of  the  double  refrac- 
tion in  passing  from  meionite  to  mariahte.  Thus  (Lacroix)  for  meionite  <a  —  t  ^  0*036; 
for  typical  wemerite  0'03-0*02;  for  dipyre  O^OIS.  -^-ww^ 

The  tetragonal  species  meUUte  and  gehlenite  are  near  the  Sc^l^lites  in 
angle.     The  more  common  vesuvianite  is  also  related. 


MEIONITE. 

Tetragonal.  Axis  c  =  0-43925.  In  prismatic  crystals  (Fig.  201,  p.  86), 
either  clear  and  glassy  or  milky  white;  also  in  crystalline  grains  and  massive. 
Cleavage:  a  (100)  rather  perfect,  m  (110)  somewhat  less  so.  Fracture  con- 
choidal.  Brittle.-  H.  =  5-5-6  G.  =  2-70-274.  Luster  vitreous.  Color- 
less to  white.  Transparent  to  translucent;  often  cracked  within.  Optically 
— .     0)  =  1'597'  6  =  1'560. 

Comp.  —  CaiAleSifiOas  or  4Ca0.3Al203.6Si02  =  SiUca  40-5,  alumina  34-4, 
lime  261  =  100. 

The  varieties  included  here  range  from  nearly  pure  meionite  to  those  consisting  of 
meionite  and  marialite  in  the  ratio  of  3  :  1,  i.e.j  Me  :  Ma  »  3  :  1.  No  sharp  line  can  be 
drawn  between  meionite  and  the  following  species. 

Obs.  —  Occurs  in  small  crystals  in  cavities,  usually  in  limestone  blocks,  on  Monte 
Somma,  Vesuvius.  Also  in  ejected  masses  at  tne  Laacner  See,  Germany.  A  mineral  in 
an  amphibole-gneiss  from  the  Black  Forest,  Germany,  which  is  like  meionite  except  for  a 
basal  cleavage  has  been  called  pseiidomeionite. 

WERNEMTE.    Common  Scapolite. 

Tetragonal-pyramidal.    Axis  c  =  0-4384. 

Crystals  prismatic,  usually  coarse,  with  uneven  faces  and  often  large.  The 
symmetry  of  the  pyramidal  class  sometimes  shown  in  the  development  of  the 
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faces  z  (311)  and  zi  (131).     Also  massive,  granular,  or  with  a  faint  fibrous 
appearance;  sometimes  columnar. 

101  A  oil  «  32**  69'. 
Ill  A  Til  =  43^  45'. 
110  A  111  =  68**  12'. 
311  A  311  -  29**  43'. 

Cleavage:  a  (100)  and  in  (110)  rather  dis- 
tinct, but  interrupted.  Fracture  subconchoidal. 
Brittle.  H.  =  6-6.  G.  =  2-6fr-273.  Luster 
vitreous  to  pearly  externally,  inclining  to  res- 
inous; cleavage  and  cross-fracture  surface 
vitreous.  Color  white,  gray,  bluish,  greenish, 
and  reddish,  usually  light;  streak  uncolored. 
Transparent  to  faintly  subtranslucent.    Optically  — .    «  =1*570.    c  =  r549. 

Comp.  —  Intermediate  between  meionite  and  marialite  and  correspond- 
ing to  a  molecular  combination  of  these  in  a  ratio  3  :  1  to  1  :  2.  The  siUca 
varies  from  46  to  64  p.c,  and  as  its  amount  increases  the  soda  and  chlorine 
also  increase.  ScapoUtes  with  silica  from  54  p.  c.  to  60  p.  c.  are  classed  with 
mizzonite;  they  correspond  to  Me  :  Ma  from  1  :  2  to  1  :  3  and  upwards. 

The  percentage  composition  for  a  common  compound  is  as  follows: 

Me  :  Ma  3  :  1      SiO,  4610      AljOs  3048      CaO  1910      NasO  364      CI  101  =100'23 

Pyr.,  etc.  —  B.B.  fuses  easily  with  intumescence  to  a  white  blebby  glass  giving  a  strong 
sodium  flame  color.    Imperfectly  decomposed  by  hydrochloric  acid. 

Diff.  —  Characterized  bv  its  square  form  and  prismatic  cleavage  (90^) ;  resembles 
feldspar  when  massive,  but  has  a  characteristic  fibrous  appearance  on  the  cleavage  surface; 
it  is  also  more  fusible,  and  has  a  higher  specific  gravity;  also  distinguished  by  fusibility 
with  intumescence  from  pyroxene  (wnich  see,  p.  478). 

Micro.  —  Recognized  in  thin  sections  bv  its  low  refraction;  lack  of  color;  rather  high 
interference-colors  reaching  the  yellows  and  reds  of  the  first  order,  sections  showing  which 
extinguish  parallel  to  the  cleavage;  by  the  distinct  negative  axial  cross  of  basal  sections 
which  show  the  cleavage-cracks  crossing  at  right  angles. 

Obs.  —  Occurs  in  metamorphic  rocks,  crystalline  schists,  gneisses,  amphibolites  and 
most  abundantly  in  granular  lunestone  near  its  junction  with  the  associated  granitic  or 
allied  rocks;  sometimes  in  beds  of  magnetite  accompanying  limestone.  It  is  often  asso- 
ciated with  a  light-colored  pyroxene,  amphibole,  garnet,  and  also  with  apatite,  titanite. 
zircon;  amphibole  is  a  less  conunon  associate  than  pyroxene,  but  in  some  cases  has  resulted 
from  the  alteration  of  pyroxene.  Scapolite  has  been«9|)pwnalso  to  be  frequently  a  com- 
ponent of  basic  igneous  rocks,  especially  those  rich  in  plaSlOLlamjs  aoutaining  much  lime; 
it  is  regarded  as  a  secondary  product  through  a  certain  kind  of  .alteration.  Tne  scapolites 
are  easily  fdtered;  pseudormorphs  of  mica,  more  rarely  other  minerals,  are  com- 
mon. 

Prominent  localities  are  at  Pargas,  Finland,  where  it  occurs  in  limestone;  Arendal  in 
Norway,  and  Malsio  in  Wermland,  Sweden,  where  it  occurs  with  magnetite  in  limestone. 
Passauiie  is  from  Obernzell,  near  Passau,  in  Bavaria.  The  pale  blue  or  gray  scapoUte  from 
Lake  Baikal,  Siberia,  is  called  glaucolite.  In  the  United  States,  occurs  in  Ver.,  at  Marl- 
borough, massive.  In  Mass.,  at  Bolton;  at  Chelmsford.  In  N.  Y.  in  Orange  Co.,  Essex 
Co.,  Lewis  Co.;  Grasse  Lake,  Jefferson  Co.;  at  Gouvemeur,  in  limestone.  In  N.  J.,  at 
Franklin  and  Newton.    In  Pa.,  at  the  Elizabeth  mine,  French  Creek,  Chester  Co. 

In  Canada,  at  Cidumet  Island,  massive;  at  Grenville;  Templeton;  Wakefield,  Ottawa 
Co.;  at  Bedford  and  Bathurst,  Ont  :   Scapolite  rocks  occur  at  several  points. 

Mizzonite.  Dipjrre.  Here  are  included  scapolites  with  64  to  67  p.  c.  SiOs,  correspond- 
ing to  a  molecular  combination  from  Me  :  Ma  =  1  : 2  to  Me  :  Ma  =  1:3.  Mizz&niie 
occurs  in  clear  cr^rstals  in  ejected  masses  on  Mte.  Somma,  Vesuvius. 

Dijyyre  occurs  in  elongated  square  prisms,  often  slender,  sometimes  large  and  coarse,  in 
limestone  and  crystaUine  schists,  chieny  from  the  Pyrenees;  also  in  diorite  at  Bamle,  Nor- 
«7ay;  Saintr-Nazaire,  France;  Algeria.  Couseranite  from  the  Pyrenees  is  a  more  or  less 
altered  form  of  dipyre. 
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Marialite.  Theoretically  Na4A]jSiA4Cl,  see  p.  516.  Indioes,  1-541-1*554.  The 
actual  mineral  corresponds  to  Me  :  Ma  »  1  : 4.  It  occurs  in  a  basalt  tuff,  at  Pianura, 
near  Naples. 


I 


Sarcolite.  (Ca,Nai)iAls(Si04)t.  In  small  tetragonal  crystals.  H.  «  6.  G.  »  2-545- 
2 '932.    Color  flesh-red.    Indices,  1-640-1 -656.    From  Monte  Somma,  Vesuvius. 

r 

MELILITE. 

Tetragonal.  Axis  c  =  0*4548.  Usually  in  short  square  prisms  (a  (100)) 
or  octagonal  prisms  (a,  m  (110)),  also  in  tetragonal  tables. 

Cleavage:  c  (001)  distinct;  a  (100)  indistinct.  Fracture  conchoidal  to 
uneven.  Brittle.  H.  =  5.v  G.  =  2-9-3'10.  Luster  vitreous,  inclining  to 
resinous.  Color  white,  pale  yellow,  greenish,  reddish,  brown.  Pleochroism 
distinct  in  yellow  varieties.  Sometimes  exhibits  optical  anomalies.  Opti- 
cally -.     «  =  1-634.    c  =  1-629. 

II  III 

Comp.  —  Perhaps  RuRiSigOae  or  Na«(Ca,Mg)ii(Al,Fe)4(Si04)»  for  meli- 
lite.  If  Ca  :  Mg  =  8:3,  and  Al  :  Fe  ~  1  :  1,  the  percentage  composition  is: 
Silica  37*7,  alumina  7-1,  iron  sesquioxide  11*2,  lime  31*3,  magnesia  8*4,  soda  4-3 
=^  100.    Potassium  is  also  present. 

The  composition  of  the  melilite-gehlenite  group  can  be  explained  as  isomorphous  mix- 
tures of  the  three  compounds,  sarcolite,  3CaO.Al«Oi.3SiOs  or  soda^sarcolUe  3NaflO.A]jOs. 
3SiOs;  dkermaniU,  8Ca(J.4Mg0.9SiOs;  velardefiite^  2CaO.AlsOi.SiOs.  The  last  is  noted  in 
large  amount  in  gehlenite  from  the  Velardefia  mining  district,  Mexico. 

Artif.  —  Meliute  has  been  formed  artificially  by  fusing  together  its  constituent 
oxides.    It  is  found  in  slags  and  has  been  produced  in  various  artincial  magmas. 

Pyr^  etc.  —  B.B.  fuses  at  3  to  a  yellowish  or  greenish  glass.  With  the  fiuxes  reacts  for 
iron.    Soluble  in  hydrochloric  acid  and  yields  geLatinous  silica  upon  evaporation. 

Micro.  —  Distinguished  in  thin  sections  by  its  moderate  refraction;  very  low  interfer- 
ence-colors, showing  often  the  ^'ttUra  blue"  (Capo  di  Bove);  parallel  extinction;  negative 
character;  usual  development  in  tables  parallel  to  the  base  and  verv  common  '*peg  struc- 
ture" due  to  parallel  rod-like  inclusions  penetrating  the  crystal  from  the  baaed  planes 
inward:  this,  however,  is  not  always  easily  seen. 

Obs.  —  Melilite  is  a  component  of  certain  igneous  rocks,  formed  from  magmas  very  low 
in  silica,  rathear  deficient  in  alkalies,  and  containing  considerable  lime  and  alumina.  In 
such  cases  melilite  appears  to  crystallize  in  the  place  of  the  more  acid  plagioclase. 

MdUite  of  yellow  and  brownish  colors  is  found  at  Capo  di  Bove,  near  Rome;-  in  leucito- 
phyre  with  nephelite,  augite,  hornblende;  at  Vesuvius  in  dull  yellow  crvstals  {somerviUite); 
not  imcommon  in  certain  basic  eruptive  rocks,  as  the  indUUe-hasdUs  of  Hochbohl  near  Owen 
in  Wtirttemberg,  of  the  Swabian  Alp.  of  Cdrlitz,  the  Er^gebirge,  Germany;  also  in  the 
nephelite  basalts  of  the  Hegau,  of  Oanu,  Hawaiian  Islands,  etc.:  perovskite  is  a  common 
associate.  Occurs  as  chief  constituent  of  rock  on  Beaver  Creek.  Gimnison  Co.,  Col.  Com- 
mon in  furnace  slags.    Melilite  is  named  from  f/eXi,  honey ^  in  allusion  to  the  color. 

Humboldtilite  occurs  in  cavernous  blocks  on  Monte  Somma,  Vesuvius,  with  ereenish  mica, 
also  apatite,  augite;  the  crystals  are  often  rather  large,  and  covered  with  a  calcareous  coat- 
ing; less  common  in  transparent  lustrous  crystals  with  nephelite,  sarcoUte,  etc.,  in  an 
augitic  rock.  Zurliie  is  impure  humboldtilite.  De^ckeite  is  a  pseudomorph  after  mdUiU 
with  the  composition  (H,K,Na)s(Mg,Ca)(A],Fe)s(SisO«)«.9HsO,  found  in  a  melilite  basalt 
from  the  Kaiserstuhl,  Baden,  Germany. 

CeboUite.  HsCa^AlsSi^Ow.  Orthorhombic  (?).  Fibrous.  H.  =5.  G.  =  296.  Color 
white  to  ^eenish  gray.  Indices,  1*5^1*63.  Fusible  at  5.  Soluble  in  acids.  Foimd  as 
an  alteration  product  of  melilite  near  Cebolla  Creek,  Gunnison  Co.,  Col. 

Gehlenite.  Ca«AlsSisOio.  Crystals  usually  short  square  prisms.  Axis  c  »  O-4001. 
G.  =»  2-&-3*07.  Different  shades  of  grayish  green  to  liver-brown.  From  Mount  Monzonif 
in  the  Fassatal,  in  Tyrol,  Austria.    From  Velardefia  mining  district,  Mexico. 

FnooERiTB  Corresponds  to  a  member  of  the  gehlenite-&kermanite  series,  3  &k  :  10  geh. 
Flt>m  Monzonite  of  Monzonital,  Tyrol,  Austria. 


AKxiuuinTB.    Tetr&gDnAl,  iBomorphouB  with  mdilite  and  gehlmite.    Found  in  certain 
alaga.    See  furtfaer  under  Meblite. 


VESDVUiniE.    Idocraae. 
Tetragonal.    Axis  c  =  0-5372. 

ce,  001  A  101  -  28°  15'. 

cp,  001  A  111  =  37°  13*'. 
■     "'■•    -    """        "«°  IS' 


"•M^ts^ 


Zennatt 


Sandford,  Me. 


Often  in  crystals,  prismatic  or  pyramidal.  Also  massive;  columnar, 
straight  and  divergent,  or  irregular;  granular  massive ;  cryptocryetalline. 

Cleavage:  m  (110)  not  very  distinct;  a  (100)  and  c  (001)  still  leas  80. 
Fracture  subconchoidal  to  uneven.  Brittle.  H.  =  65,  G.  =  3"35-3'45, 
Luster  vitreous;  often  inclining  to  resinous.  Color  brown  to  green,  and  the 
latter  frequently  bright  and  clear;  occasionally  sulphur-yellow,  and  also  pale 
blue.  Streak  white.  Subtransparent  to  faintly  subtranslucent.  Dichroism 
not  usually  strong.  Optically  — ;  also  +  rarely.  Birefringence  very  low. 
Sometimes  abnormally  biaxial.     Indices  variable,  from  1715  to  1720. 

Comp.  —  A  basic  calcium-aluminium  silicate,  but  of  uncertain  formula; 
perhaps  Ca«[Al(OH,F)]Al,(SiOOs-  Ferric  iron  replaces  part  of  the  aluminium 
and   magnesium   the    calcium.     Fluorine   and   titanium   may    be   present. 

Another  general  formula  has  been  proposed,  R^CaTAljSieOH,  in  which  R* 
may  be  Ca,,(A10H),,{A10,H),,  or  H,. 

'Pyt-i  etc-  —  B-B-  fusee  at  3  with  intumescence  to  a  greeniah  or  brownish  glass.  With 
the  fluxea  ^ves  reactions  for  iron,  and  some  vaiietiea  a  strong  manganese  reaction.  Cyprim, 
a  blue  vanety,  gives  a  reaction  for  copper  with  Bait  of  phosphorus.  Partially  decomposed 
by  hydrocUonc  acid,  and  completely  when  the  mineral  has  Deea  previously  ignited. 

Di8.  —  Characterined  by  ita  tetragonal  form  and  easy  fusioility.  Reeemblee  some 
brown  varieties  of  garnet,  tourmaline,  and  epidote. 
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Micro.  —  Recognised  in  thin  sections  by  its  high  refraction  producing  a  vier^  strong 
relief  and  its  extremely  low  birefringence;  *  also  in  general  by  its  color,  pieochroism,  and 
uniaxial  negative  character;  the  latter,  on  account  of  the  low  birefringence,  betn^  difficult 
to  determine.  The  low  birefringence,  however,  aids  in  distinguishing  it  from  epidote,  with 
which  at  times  it  may  be  oonfoundea. 

Obs.  —  Vesuvianite  was  first  found  among  the  ancient  ejections  of  Vesuvius  and  th^ 
dolomitic  blocks  of  Monte  Somma,  whence  its  name.  It  conunonl^  occurs  as  a  contart 
mineral  from  the  alteration  of  impure  limestones,  then  usually  associated  with  lime  g^mH 
(groesularite),  phlogopite,  diopside,  wollastonite;  also  epidote;  abo  in  serpentine,  dilorite 
schist,  gneiss  and  related  rocks. 

Prominent  locaHties  are  Vesuvius;  the  Albani  Mts.;  in  Switzerland  at  Zermatt,  etc.: 
the  Mussa  Alp  in  the  Ala  valley,  in  Piedmont,  Italy;  Mt.  Monxoni  in  the  Fassatal,  Ai^tria: 
at  Orawitza  and  Dognacska.  Hungary;  Haslau  near  Eger  in  Bohemia  {egeran};  near 
Jordansmuhl,  Silesia;  on  the  Vilui  river,  near  Lake  Baikal,  Siberia  (sometimes  called  wiluiie 
or  viluite,  like  the  grossular  garnet  from  the  same  region);  Achmatovsk,  Ural  Alts.;  in 
Norway;  at  ArendaJ,  "cotepAontte";  at  Egg,  near  Christiansand;  at  Morelos,  Mexico. 

In  North  America,  in  Me.  at  Phipmburg  and  Rumford;  at  Sandford.  In  N.  H..  at 
Warren  with  cinnamon-stone.  In  N.  V.,  near  Amity.  In  N.  J.,  at  Newton.  In  Lievns 
and  Clark  Co.,  Mon.  In  Cal.  near  San  Carlos  in  Inyo  Co.;  at  Crestmore,  Riverside  Co. 
In  Canada,  at  Calumet  Falls,  Litchfield,  Pontiac  Co.;  at  Grenville  in  calcite;  at  Templeton, 
Ottawa  Co.,  Quebec.  A  lavender-colored  variety,  known  as  manQonnvesuvianUe  comes 
from  near  Black  Lake,  Quebec. 

Califamite  is  a  closely  compact  variety  of  an  olive-green  to  a  grass-green  color  from 
Siskiyou,  Fresno  and  Tulare  Cos.,  Cal. 


IV 


Zircon 
Thorite 


Zircon  Group*    RSi04.    Tetragonal 

ZrSi04 
ThSi04 


c  =  0-6404 
c  =  0-6402 


This  group  includes  the  orthosilicates  of  zirconium  and  thorium,  both 

alike  in  tetragonal  crystallization,  axial  ratio  and  crystalline  habit. 

.These  species  are  sometimes  regarded  as  oxides  and  then  included  in  the  Ruttle  Group 
(p.  425),  to  which  they  approximate  closely  in  form.  A  similar  form  belongs  also  to  the 
tantalate,  Tapiohte,  and  to  the  phosphate.  Aenotirae;  further,  compound  groups  consisting 
of  crystals  of  Xenotime  and  Zircon  in  parallel  position  are  not  uncommon  (Fig.  462,  p.  173). 


ZIRCON. 

Tetragonal. 

ee't 
cc", 

UU    y 

871 


Axis  c  = 

101  A  Oil  - 
101  A  TOl  = 
111  A  Til  = 
331  A  331  = 


0-64037. 

44'' 50' 
65°  16'. 
56**  40J'. 
83**  9'. 
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mp  110  A  111 
muy  110  A  331 
xa:^n,311  A  3Tl 
ax,     100  A  311 

873 


4r  50'. 
20''  12i'. 
32**  57'. 
31"  43'. 


n     a 


m 


a 


'^<P' 


mg 


*  Frequently  minerals,  which,  like  vesuvianite,  melilite  and  zoisite,  a,re  doubly  refract- 
but  01  extremely  low  birefringence  and  possibly  (where  they  are  positive  for  one  color 
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Twins:  tw.  pi.  e  (101),  geniculated  twins  like  rutile  (Fig.  412,  p.  166). 
Commonly  in  square  prisms,  sometimes  pyramidal.  Also  in  irregular  forms 
and  grains. 

.876  876  877 


m 


m 


H^ 


Colorado 


Cleavage:  m  (110)  imperfect;  p  (111)  less  distinct.  Fracture  conchoidal. 
Brittle.  H.  =  7"5.  G.  =  4*68-4-70mo8tconmion,  but  varying  widely  to  4*2 
and  4 '86.  Luster  adamantine.  Colorless,  pale  yellowish,  grayish,  yellowish 
green,  brownish  yellow,  reddish  brown.  Streak  imcolored.  Transparent  to 
subtranslucent  and  opaque.  Optically +•  Birefringence  high,  o)  ^  1*9239, 
€  =  1*9682,  Ceylon.    Sometimes  abnormally  biaxial. 

Hyacinth  is  the  orange,  reddish  and  brownish  transparent  kind  used  for  genos.  Jaraon 
is  a  name  given  to  the  colorless  pr  smoky  zircons  of  Ceylon,  in  allusion  to  the  fact  tnat 
while  resembling  the  diamond  in  luster,  they  are  comparatively  worthless;  thence  came 
the  name  zircon, 

Comp.  —  ZrSi04  or  ZrOj.SiOj  =  Silica  32-8,  zirconia  67-2  =  100.  A 
little  iron  (FeaOa)  is  usually  present. 

Pyr.,  etc.  —  Infusible;  the  colorless  varieties  are  unaltered,  the  red  become  colorless, 
while  dark-colored  varieties  are  made  white;  some  varieties  glow  and  increase  in  density 
by  ignition.  Not  perceptibly  acted  upon  by  salt  of  phosphorus.  In  powder  decomposed 
when  fused  with  soda  on  the  platinum  wire,  and  if  the  product  is  dissolved  in  dilute  hydro- 
chloric acid  it  gives  the  orange  color  characteristic  of  zirconia  when  tested  with  turmeric 
eaper.  Not  acted  upon  by  acids  except  in  line  powder  with  concentrated  sulphuric  acid. 
)ecomposed  by  fusion  with  alkaline  carbonates  and  bisulphates. 

Diff.  —  Characterized  by  the  prevailing  scjuare  pjrramid  or  square  prism;  also  by  its 
adamantine  luster,  hardness,  high  specific  gravity,  and  infusibiUty;  the  diamond  is  optically 
isotropic. 

Micro.  —  Recognized  in  thin  sections  by  its  very  high  relief;  very  high  interference- 
colors^  which  approach  white  of  the  hisher  order  except  in  very  thin  sections:  positive 
uniaxial  character.  It  is  distinguished  from  cassiterite  and  rutile  only  by  its  lack  of  color, 
and  from  the  latter  also  in  many  cases  by  method  of  occurrence. 

Artif.  —  Zircon  has  been  prepared  artificially  by  heating  zirconium  oxide  with  quartz 
in  gaseous  silicon  fluoride. 

Obs.  —  A  com;non  accessory  constituent  of  igneous  rocks,  especially  those  of  the  more 
acid  feldspathic  groups  and  particularly  the  kinos  derived  from  magmas  containing  much 
soda,  as  granite,  syenite,  diorite,  etc.  It  is  one  of  the  earliest  minerals  to  crystallize  from  a 
cooling  magma.  Is  generally  present  in  minute  crystals,  but  in  pegmatitic  fades  often  in 
large  and  well-formM  crystals.  Occurs  more  rarely  elsewhere,  as  in  granular  limestone, 
chloritic  and  other  schists;  gneiss;  sometimes  in  iron-ore  beds.  Crystals  are  common  in 
most  auriferous  sands.  Sometimes  foimd  in  volcanic  rocks,  probably  in  part  as  inclusions 
derived  from  older  rocks. 

Zircon  in  distinct  crystals  is  so  common  in  the  pegmatitic  forms  of  the  nephelite^yenite 


but  negative  for  another),  do  not  show  a  ^ay  color  between  crossed  niools  but  a  curious 
blue,  at  times  an  intense  Berlin  blue,  which  is  quite  distinct  from  the  other  blues  of  the  color 
scale  and  is  known  as  the  ** ultra  blue" 
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and  au|pte-«yenite  of  southern  Norway  (with  iB^te,  etc.)  that  thk  rock  th^^e  and 
where  has  sometunes  been  called  a  '^sircon-syenite/' 

Found  in  alluvial  sands  in  Ceylon;  in  the  gold  regions  of  the  Ural  Mts.;  in  Norwsv  £| 
Laurvik,  at  Arendal,  in  the  iron  mines,  at  Fredriksv&rn,  and  in  veins  in  the  augite-s> >  l  n 
of  the  Langesund  fiord;  Pfitschtal,  Tjrrol,  Austria;  in  Germany  in  lava  at  Niedennecai^  ^ 
the  Eifel,  red  crystab;  from  Madagascar:  from  Minas  Gerae&  Braxil. 

In  North  America,  in  Me.,  at  Litchneld;  in  N.  Y.,  in  Moriah,  Essex  Co.,  cinnan  > 
red;  near  the  outlet  of  Two  Ponds,  Orange  Co.,  with  scapolite,  pyroxene  and  titanti*^  A 
Warwick,  chocolate-brown,  near  Amity;  m  St.  Lawrence  Co..  in  the  town  of  Hamni  [  ; 
at  Rossie,  Fine,  Pitcaim.  In  Pa.,  near  Reading.  In  N.  C,  abundant  in  the  gold  santi-  I 
Burke,  McDowell,  Polk,  Rutherford,  Henderson,  and  other  counties.  In  Col.,  with  %-^ 
phyllite,  etc..  in  the  Pike's  Peak  region  in  El  Paso  Co.;  at  Cheyenne  Mt.  In  Cal.,  in  a; 
ferous  aravels. 

In  Canada,  at  Grenville,  Argenteuil  Co.;  in  Templeton  and  adjoining  townships  i 
Ottawa  Co.,  Quebec;  in  Renfrew  Co.,  sometimes  very  large;  in  North  Burgess,  l^anark  (.a 

Use.  —  Zircon  in  its  transparent  varieties  serves  fre<iuent]v  as  a  gem  stone;  also  a.- 1 
source  of  zirconium  oxide  used  in  the  manufacture  of  the  incandescent  gas  mantles. 

Malacon  is  an  altered  zircon.  CyrloUie  is  related  but  contains  uranium,  yttriuzn  ar.J 
other  rare  elements. 


-^ 


rama,  Mino,  Japan.    Color  green,  gra; 


Naigile  is  apparently  zircon  with  yttrium,  niobium-tantalum,  thorium,  and  uraniun: 
oxides.    Occurs  m  spheroidal  aggregates  near  Takoya 
brown.    H.  «  7*6.    G.  *  4*1. 

Thorite.  Thorium  silicate,  ThSiOi,  like  zircon  in  form;  usually  hydrated,  black  m 
color,  and  then  with  G.  »  4'5--5;  also  orange-yellow  and.  with  G.  «>  5*19-5*40  (orangiU  >. 
From  the  Brevik  region  and  Arendal,  Norway. 

Aueriite.  Like  zircon  in  form;  supposed  to  be  a  silico-phosphate  of  thorium.  Hendei^ 
son  Co.,  N.  C. 
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Danburite^Topax  Group.    Orthorhombic.    RRsCSiOOt  or  (R0)RSi04 

Danburite  CaB2(Si04)2  a  :  6  :  c  =  0*5444  :  1  :  04807 

Topaz  [Al(F,0H),]AlSi04  a  :  6  :  c  =  05285  :  1  :  0-4770 

Andalusite  (A10)AlSi04  ^biaiic  ^  05070  :  1  :  04749 

or    a  :  6  :  c  =  OOSOl  :  1  :  0-7025 


Smimanite  AUSiOs  Orthorhombic         a  :  b  »  0*970  :  1 

Cyanite  AUSiOs  Triclinic 

a  :  6  :  c  =  08994  :  1  :  07090;  a  =  90°  5i',  fi  =  101°  2',  y  =  105°  44i'. 

DANBURITE. 
Orthorhombic. 


878 
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^ur 


Axes  a  :  6  :  c  =  05444  :  1  :  04807. 

mm'",  110  A  1  To  «  67*'  8'.        dd',  101  A  TOl  «    82^*  63'. 
«',        120  A  T20  -  86°  8'.        vnv%  041  A  Oil  «  125**    3'. 

Habit  prismatic,  resembling  topaz.     Also  in  indistinct 
embedded  crystals,  and  disseminated  masses. 

Cleavage:  c  (001)  very  indistinct.  Fracture  uneven 
to  subconchoidal.  Brittle.  H.  =  7-725.  G.  =  2*97- 
3*02.  Color  pale  wine-yellow  to  colorless,  yellowish  white, 
dark  wine-yellow,  yellowish  brown.  Luster  vitreous  to 
greasy,  on  crystal  surfaces  brilliant.  Transparent  to 
translucent.  Streak  white.  .  Optically  — .  2V  =  88°. 
a  =  1-632.  /3  -  1-634.  y  -  1'636. 
Comp.  —  CaB2(Si04)2  or  CaO.B208.2SiOa  =  Silica  48*8,  boron  trioxide 
28*4,  lime  228  =  100. 
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Pyr.,  etc.  —  B.B.  fuses  At  3'5  to  a  colorlenB  glasa,  and  impartB  &  green  color  to  the  0.  F. 
(boroo).  Not  decomposed  by  hydrochloric  acid,  but  sufficiently  att&cked  for  the  solution 
to  ttive  the  reaction  of  boric  acid  with  turmeric  jwper.  When  previously  ignited  gelatiiUEee 
with  hydrochloric  acid.     Phosphoresces  on  heating,  giving  a  reddish  U^t. 

Oba.  —  Occurs  at  Danbury,  Conn.,  with  microcline  and  oligoclase  in  dolomite.  At 
Russell,  N.  Y.,  in  fine  crystala.  On  the  Piz  Valatscha,  the  northern  spur  of  Mt.  Skopi 
south  of  Dissentis  in  eastern  Bwitierland,  In  slender  prismatic  crystals  and  elsewhere  in 
Smtierland.  In  crystals  from  Takachio,  Hioga,  and  from  Obira,  Bungo,  Japan.  From  Mt. 
Bity  aod  Maharitra,  Madagascar. 

Barsowite.  This  doubtful  apecies,  occurring  with  blue  corundum  in  the  Ural  Mts.,  is 
by  some  authors  classed  with  danburite;  composition  CaAliSiiOa  like  aoorthite. 


TOPAZ. 

Orthorhombic.    Axes  a  : 


:  c  =  0-52854  :  1  :  04 


.  to',  041  A  0?1  =  124M1'. 

ci,    001  A  223  -  34°  14'. 

^  001  A  111  =  45°  35'. 

CO,    001  A  221  -  63°  54'. 


BraiU 

mm";  110  A  110  -  65°  43'. 
U,  120  A  l20  -  .80' W: 
dd',  201  A  201  -  122°  1'. 
XX;  043  A  Oi3  =  64°  65', 
//,       021  A  (fil  -    87°  18' 

Crystals  commonly  prismatic,  m  (110) 
predominating;  or  I  (120)  and  the  form 
then  a  nearly  square  prism  resembling 
andaluaite.  Faces  in  the  prismatic  zone 
often  vertically  striated,  and  often  show- 
ing vicinal  planes.  Also  firm  columnar; 
granular,  coarse  or  fine. 

Cleav^e:  c  (001)  highly  perfect. 
Fracture  subconchoidal  to  uneven. 
Brittle.  H.  =  8.  G.  =  3-4-3-6.  Luster 
vitreous.  Color  straw-yellow,  wine- 
yellow,  white,  grayish,  greenish,  bluish, 
reddish.  Streak  uncolored.  Trans- 
parent to  subtranslucent.  Optically  +. 
Axial  angles  variable.  2V  =  49"  to  66°. 
For  D        a  -  1-62936        p  -  1-63077 


111  A  Til  -    78°    20'. 

',  111  A  111  -    39°     0'. 

221  A  521  -  106°     7'. 

221  A  22l  -    49°  37i'. 


Ax.  pi.  116(010).    Bx  J.  c(OOl). 

Refractive  indices,  Brazil: 

7  -  1-63747         .-.     2V  -  49°  31' 


Vbt.  —  Ordinary.  In  prismatic  crystals  usually  colorless  or  pale  yellow,  les  often 
pale  blue,  pink,  etc.  The  yellow  of  the  Brazilian  crystals  is  changed  by  heating  to  a  pale 
roae-pink.    Often  contains  inclusions  of  liquid  COi. 

PhyioliU,  or  mrophyaaiile,  is  a  coarse  nearly  opaque  variety,  from  Finbo,  Sweden; 
intumescea  when  heated,  hence  its  name  from  ^urraXii,  bubble,  and  iriv>,^re.  PycniU  has 
a  columnar,  very  compact  structure.    Rose  made  out  that  the  cleavage  was  the  same,  and 
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the  fonn  probably  the  same;  and  Des  Cloizeaux  showed  that  the  optical  characters  were 
those  of  topaz. 

Comp.  —  (AlF)2Si04;  usually  containing  hydroxyl  and  then  [Al(F,OH)l2 
Si04  or  as  given  on  p.  522.  The  fonner  requires  Silica  32 -6,  alumina  55*4, 
fluorine  20*7  =  1087,  deduct  (O  =  2F)  8-7  =  100. 

Pyr.,  etc.  —  B.B.  infusible.  Fused  in  the  closed  tube,  with  potassium  bisulphate  gives 
the  cnaracteristic  fluorine  reactions.  With  cobalt  solution  the  pulverized  mineral  gives  a 
fine  blue  on  heating.  Only  partially  attacked  by  sulphuric  add.  A  variety  of  topaz  from 
Brazil,  when  heated,  assumes  a  pink  or  red  hue,  resembling  the  Balas  ruby. 

Diff.  —  Characterized  by  its  prismatic  crystals  with  angles  of  56"  (124")  or  87^  (93^): 
also  by  the  perfect  basal  cleavage;  hardness;  infusibihty;  yields  fluorine  B.B. 

Artif.  —  Topaz  has  been  made  artificiaJly  by  heating  a  mixture  of  silica  and  aluminium 
fluoride  and  then  igniting  this  mixture  in  silicon  fluoride  gas. 

Obs.  —  Topaz  occurs  especially  in  the  highlv  acid  igneous  rocks  of  the  granite  family, 
as  ^anite  and  rhyoUte.  in  veins  and  cavities,  wnere  it  appears  to  be  the  result  of  fumarole 
action  after  the  cryBtallization  of  the  magma :  sometimes  also  in  the  surrounding  schists, 
^eisses,  etc.,  as  a  result  of  such  action.  In  tnese  occurrences  often  accompanied  by  fluor- 
tie,  cassiterite,  tourmaline.  Frequently  occurs  in  tin-bearing  pegmatites.  Topaz  altera 
aesily  into  a  compact  mass  of  muscovite. 

Fine  topaz  comes  from  Russia  from  the  Ural  Mts.,  from  Alabashka.  in  the  region  of 
Ekaterinburg;  from  Miask  in  the  Ilmen  Mts.;  also  the  gold-washings  on  tne  River  Sanarka 
in  Govt.  Orenburg;  in  Nerchinsk,  beyond  Lake  BaikaL  in  the  Adun-Chalon  Mts.,  etc.;  in 
the  province  of  Mmas  Geraes,  Brazil,  at  Ouro  Preto  and  Villa  Rica,  of  deep  yellow  color;  in 
Germany  at  the  tin  mines  of  Zinnwaid  and  Ehrenfriedersdorf ,  and  smaller  crystals  at 
Schneckenstein  and  Altenberg;  sky-blue  crystals  in  Cairngorm,  Aberdeenshire,  Scotland: 
the  Moume  mountains,  Ireliuid;  on  the  island  of  Elba.  Physalite  occurs  in  crystals  of 
fpre&t  size,  at  Fossum.  Norway;  Finbo,  Sweden.  Pycnite  is  from  the  tin  mine  of  Altenberg 
m  Saxony;  also  of  Scnlackenwald,  Zinnwaid^  etc.  Fine  crystals  occur  at  Durango,  Mexico, 
with  tin  ore;  at  San  Luis  Potosi  in  rhyohte.  Mt.  Bischoff,  Tasmania,  with  tin  ores; 
similarly  in  New  South  Wales.  In  Japan  in  pegmatite  from  Otani-yama,  Province  of  Omi, 
near  Kioto. 

In  the  United  States,  in  Me.,  at  Stoneham,  in  albitic  granite.  In  Conn.^  at  Trumbull, 
with  fluorite;  at  Willimantic.  In  N.  C,  at  Crowder's  Mountain.  In  Col.,  m  fine  crystals 
colorless  or  pale  blue  from  the  Pike's  Peak  region;  at  Nathrop,  Chaffee  Co.^  in  wine-colored 
crystals  with  spessartite  in  lithophyses  in  rhyolite;  similarly  in  the  rhyohte  of  Chalk  Mt. 
In  Texas  in  fine  crystals  at  Streeter.     In  Utah,  in  fine  transparent  colorless  crystals  with 

?|uartz  and  sanidine  in  the  rhyolite  of  the  Thomas  Range,  40  miles  north  of  Sevier  Lake, 
n  Col.  in  Ramona  Co. 

The  name  topaz  is  from  tot&^ux,  an  island  in  the  Red  Sea,  as  stated  by  Pliny.     But 
the  topaz  of  Pliny  was  not  the  true  topaz,  as  it  "yielded  to  the  file."    Topaz  was  included 
by  Pliny  and  earlier  writers,  as  well  as  by  many  later,  under  the  name  chrysolite. 
Use.  —  As  a  gem  stone. 


ANDALUSITE. 
Orthorhombic.     Axes  a  :  6  :  c  =  0*9861  :  1 
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Usually  in  coarse  prismatic  forms,  the 
prisms  nearly  square  in  form.  Massive, 
imperfectly  columnar;  sometimes  radiated 
and  granular. 

Cleavage:  m  (110)  distinct,  sometimes 
perfect  (Brazil);  a  (100)  less  perfect; 
6  (010)  in  traces.  Fracture  uneven,  sub- 
conchoidal.  Brittle.  H.  =  7-5.  G  =  316 
-3*20.  Luster  vitreous;  often  weak.  Color 
whitish,  rose-red,  flesh-red,  violet,  pearl-gray,  reddish   brown,   olive-green. 
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Streak  uncolored.     Transparent  to  opaque,  usually  subtranslucent.     Pleo- 
chroism  strong  in  some  colored  varieties.     Absorption  strong,  X  >  Y  >  Z. 
Sections  normal  to  an  optic  axis  are  idiophanous  or  show  the  polarization- 
brushes  distinctly  (p.  288).    Optically  — .    Ax.  pi. 
II  b  (010).     Bx±c  (001).     2V  ==85°.     a  =  r632. 
/8  =  1-638.     7  =  1'643. 

Vttr.  —  Chiastolite,  or  Macle  is  a  variety  in  stout  crystals 
having  the  axis  and  angles  of  a  different  color  from  the  rest, 
owing  to  a  reguhu*  arrangement  of  carbonaceous  impurities 
through  the  interior,  and  hence  exhibiting  a  colored  cross,  or 
a  tesselated  appearance  in  a  transverse  section.  Fig.  888 
shows  sections  of  a  crystal.  Viridine  is  a  green  variety  con- 
taining some  iron  and  manganese  from  near  Darmstadt,  Ger- 
many. 

Comp.  —  AljSiO^  =  (A10)AlSi04  or  AlaOs.SiOj^ 
Silica  36-8,  alumina  63  2  =  100.  Manganese  is 
sometimes  present,  as  in  manganandalusite. 

PjT..  etc.  —  B.B.  infusible.  With  cobalt  solution  gives  a 
blue  color  after  ignition.  Not  decomposed  by  acids.  De- 
composed on  fusion  with  caustic  alkalies  and  alkaline  carbonates. 

Diff.  —  Characterized  by  the  nearly  square  prism,  ple^hroism,  hardness,  infusibility; 
reaction  for  alumina  B.B. 

Micro.  —  Distinguished  in  thin  sections  bj'  its  high  relief;  low  interference-colors, 
which  are  only  slightly  above  those  of  quartz;  negative  biaxial  character;  negative  exten- 
sion of  the  crystals  (diff.  from  sillimanite) ;  rather  distinct  prismatic  cleavage  and  the  con- 
stant parallel  extinction  ^diff .  from  pyroxenes^  which  have  sdso  greater  birefringence) ;  also 
by  its  characteristic  arrangement  of  impurities  when  these  are  present  (Fi^.  888).  The 
pleochroism,  which  is  often  lacking,  is,  when  present,  strong  and  characteristic. 

888 


Obs.  —  Most  common  in  argillaceous  schist,  or  other  scnists  imperfectly  crystalline; 
also  in  gneiss,  mica  schist  and  related  rocks;  rarely  in  connection  with  serpentine.  The 
variety  chiastolite  is  commonly  a  contact  mineral  in  clay-slates,  e.g.f  adjoining  granitic  dikes. 
Sometimes  associated  with  sillimanite  with  parallel  axes. 

Found  in  Spain,  in  Andalusia;  in  Austria  in  the  Tyrol,  Lisens  Alp ;  in  Saxony,  at  Br&una- 
dorf ;  Bavaria,  at  Wunsiedel,  etc.  In  Brazil,  province  of  Minas  Geraes,  in  fine  crystals  and 
as  rolled  pebbles.  Remarkable  crystals  of  chiastolite  from  Mt.  Howden,  near  Bimbowrie, 
South  Australia. 

In  North  America,  in  Me.,  at  Standish.  N.  H.,  White  Mtn.  Notch;  Mass.,  at  West- 
ford;  Lancaster,  both  varieties;  Sterling,  chiastolite.  Conn.,  at  Litchfield  and  Washing- 
ton.   Pa.,  in  Delaware  Co.,  near  Leipervfllej  large  crystals;  Upper  Providence. 

Namea  from  Andalusia,  the  first  locality  noted.  The  name  made  is  from  the  Latin 
Tnacidaj  a  spot.  Chiastolite  is  from  xtA<rT(w,  arranged  diagonaUy,  and  hence  from  cAt, 
the  Greek  name  for  the  letter  X. 

Use.  —  When  clear  and  transparent  may  serve  as  a  gem  stone. 

Guarinite.  2fK,Na)2O.8CaO.5(Al,Fe,Ce)2O8.10SiOa.  Orthorhombic.  In  minute  thin 
tables,  flattened  ||  6  (010),  nearly  tetra^nal  in  form.  H.  =  6*5.  G.  =  2-&-3*3.  Color 
sulphur-yellow,  honey-yellow.  Pleochroic,  canary-yellow  to  colorless.  Found  in  a  srayish 
trachyte  on  Mte.  Somma,  Vesuvius.  Axial  ratio  and  optical  properties  agree  clos^  with 
those  of  danburite. 
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SILLIMAinTB.    Fibrolite, 

Orthorhombic.  Axes  a  :  6  =  0-970  :  1.  mm'"  110  A  110  =  88'  15', 
hh'  230  A  ^30  =  69°.  Prismatic  faces  striated  and  rounded.  Commonly  in 
long  slender  crystals  not  distinctly  terminated ;  often  in  close  parallel  groups, 
passing  into  fibrous  and  columnar  massive  forms;  sometimes  radiating. 

Cleavage:  h  (010)  very  perfect.  Fracture  uneven,  H.  =  6-7.  G.  = 
3'23-3'24.  Luster  vitreous,  approaching  subadamantine.  Color  hair-brown, 
grayish  brown,  grayish  white,  grayish  green,  pale  olive-green.  Streak  un- 
colored.  Transparent  to  translucent.  Pleochroism  sometimes  distinct. 
Optically  +.  Double  refraction  strong.  Ax.  pi.  ||  6  (010).  Bx  X  c  (001). 
Dispersion  p>  v.  Axial  angle  and  indices  variable.  2V  =  20°  (approx.). 
a  =  1-638.     (9  =  1-642.     y  =  1-653. 

Comp.  —  AljSiO.  =  (AlO)AlSiO,,  like  andalusite.  Silica  368,  alumina 
63-2  -=  100. 

Sillimanite  ia  the  moat  staUe  of  the  three  alumuiium  silicates.  Both  andalusite  aad 
cyanite  are  convprted  into  mUimBtUte  when  stroDgly  heated. 

Pyr.  —  Same  as  andaliudte. 

Dill. —  Characteriied  by  its  fibrous  or  columnar  form;  perfect  cleavage;  tnfustbility; 
Tf&ction  for  alumina. 

Micro.  —  la  thin  sections  rea^Eniied  by  its  form,  usually  with  transverae  fractures; 
parallel  extinction;  high  interfeivnce-colors. 

ArtU.  —  Sillimanite  has  been  madq  artificially  by  fusing  its  oxides  together.  Both 
andalusite  and  cyanite  are  oooverted  into  sillimamte  when  stron^dy  heated. 

Obs.  —  Often  present  in  the  quarti  of  gneisses  and  sometimes  granites  in  very  slender, 
minute  prisms  commonly  a^gregat«d  together  and  sometimes  intergrown  with  andalusite; 
iolite  is  also  a  common  associate;  rarely  as  a  contact  mineral;  often  occurs  with  corundum. 

Observed  in  many  localities,  thus  near  Moldau  in  Bohemia;  at  Fassa  in  T>TaL  Austria 
^ueholsue);  in  the  Camatic,  India,  with  conuidum  ijibroliu);  at  Bodenmais,  Bavaria: 
Freiberg,  Saxony;  in  France,  near  Pontgihaud  and  other  points  in  Auvergne;  forms  roUeo 
masses  m  the  diamantiterous  sands  of  Bplinas  Geraee,  Braiil. 

In  the  United  States,  in  Mass.,  at  Worcester,  In  Conn.;  near  Norwich,  with  lircon, 
monaiite  and  corundum;  at  Willimantic.  In  N.  Y..  at  Yorktown,  Westchester  Co.;  in 
Monroe,  Orange  Co.,  (monrolile).  In  Pa.,  at  Chester  on  the  Delaware,  near  Queensbury 
forge;  in  Delaware  Co.;  Del,,  at  Brandywme  Spring,     With  corundum  in  N.  C. 

Named  fibroiile  from  the  fibrous  massive  variety;  tiUimanile,  after  Pmf.  Benjamin 
Silliman  of  New  Haven  (1779-1864). 

Bamlile,  xenoiUe,  wSrihile  probaUy  belong  to  sillimanite;  the  last  is  altwed. 

CYANTTE.    Kyonite.     Distbene. 

TricUnic.  Axes  a:b  -.c  =  08994  :  1  :  0-7090;  a  =  90°  5i',  0  =  101"  2', 
T  =  105°  44i'.     ac,  100  A  001  =  78°  30';  be,  010  A  001  =  86°  45'. 

aag  Usually  in  long  bladed  crystals,  rarely  terminated.   Also 

coarsely  bladed  columnar  to  subfibrous. 

Cleavage:  a(100)veryperfect;fc(010)le98perfect;  also 

rrting  li  c  (001).     H.  =  5t^7-25;    the  least,  4-5,  on  a  (100) 
caxis;    6-7  on  a  (100)  ||  edge  o  (100)/ c  (001);    7  on 
,  6  (010).     G.  =  3-56-367.      Luster    vitreous    to    pearly. 

Color  blue,  white;   blue  along  the  center  of  the  blades  or 
crystals  with  white  margins;    also  gray,    green,    black. 
Streak  uncolored.     Translucent    to    transparent.     Pleo- 
chroism   distinct    in   colored    varieties.       Optically    — . 
Ax.  pi.  nearly  J.   a  (100)  and  inclined  to  edge  a/6  on    a   about   30°,  and 
about  7i°  on  b  (010),  cf.  Fig.  889.      2V  =  82°.      a  =  1717.     $  -  1-722. 
7  =  1-729. 
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Comp.  —  Empirical  fonnula  AltSiOs  or  AliOs.SiOs,  like  andalusite  and 
sillimanite.    Perhaps  a  basic  metasilicate,  (A10)3SiOs. 

Pyr.,  etc.  Same  as  for  andalusite.  At  a  high  temperature  cyanite  assumes  the  physioal 
characters  of  sillimanite. 

Dlff.  —  Characterized  by  the  bladed  form;  common  blue  color;  varying  hardness;  •  in- 
fusibility;  reaction -for  alumina. 

Obs.  —  Occurs  principally  in  gneiss  and  mica  schist  (both  the  ordinary  variety  with 
xnuscovite  and  also  that  with  paragonite)  often  accompamed  by  garnet  and  sometimes  by 
BtauroUte:  also  in  eclogite  schist.     It  is  often  associatea  with  corundum. 

Foundf  in  transparent  crystals  at  Monte  Campione  in  the  St.  Gothard  region  in  Switzer^ 
land  in  paragonite  schist;  on  Mt.  Greiner,  Zillertal,  and  in  the  Pfitschtal  (rfuBlieite,  white) 
in  Tyroly^  Austria:  in  eclogite  of  the  Saualpe,  Carinthia;  Horrsjoberg  in  Wermland,  Sweden; 
Villa  Rica,  Brazil  etc. 


ton, 

Delaware  ,  ,  ,        , 

Mt.,  Gaston  Co.;  in  Gaston  ana  Rutherford  counties  associated  with  corundum,  damourite; 

beautiful  clear  green  in  Yancey  Co.     Named  from  Kvaufos,  blue, 

Datolite  Group.     Monoclinic 

n  m  II    in 

Basic  Orthosilicates.    HRRSiOj  or  R«R4(Si05)i.    Oxygen  ratio  for  R  :  Si  =  3  : 2. 

n  m 

R  =  Ca,Be,Fe,  chiefly;  R  =  Boron,  the  yttrium  (and  cerium)  metals,  etc. 

a  :b  :  c  fi 

DatoUte  06345  :  1  :  1'2657      89°  51' 

HCaBSiOft  or  Ca(B0H)Si04 
HomiUte  06249  :  1  :  1*2824      89"^  21' 

CajFeBjSijOio  or  Ca2Fe(BO)i(Si04)t 

2  a  :  6  :  4c  /3 

Euclase  06474  :  1  :  13330      79°  44' 

HBeAlSiOs  or  Be(A10H)Si04  a 

Gadolinite  0*6273  :  1  :  1*3215      89°  26V 

BejFeYsSijOio  or  Be2Fe(YO),(Si04)2 

The  species  of  the  DATOLirE  Group  are  usually  regarded  as  basic  ortho- 
silicates,  the  formulas  being  taken  in  the  second  form  given  above.  They  flJl 
crystaUize  in  the  monoclinic  system,  and  all  but  Euclase  conform  closely  in 
axial  ratio;  with  the  latter  there  is  sJso  a  distinct  morphological  relationship. 

DATOLITE. 

Monoclinic.    Axes  a  :  6  :  c  =  06345  : 1  : 1-2657;  /3  =  89°  51i'. 

wim'",  110  A  lIO  =    64^  47'.  en,    001  A  111  -  66^  57'. 

ac,        100  A  001  »    89*^  51'.  cm,  001  A  110  =  89**  53'. 

ax,        100  A  101  =    45*    0'.  C€,    001  A  Il2  -  49*  49'. 

iV',        012  A  0T2  =    64°  39i'.  nn\  111  A  111  =  59*    4i'. 

mxWx',  Oil  A  Oil  =  103*  23'.  cc',    Tl2  A  112  =  48*  19J'. 

Crystals  varied  in  habit;  usually  short  prismatic  with  either  m  (110)  or 
mx  (Oil)  predominating;  sometimes  tabular  ||  x  (201);  also  of  other  types, 
and  often  highly  modified  (Figs.  890-893).  Also  botryoidal  and  globular, 
having  a  columnar  structure;  divergent  and  radiating;  sometimes  massive, 
granular  to  compact  and  crypto-crystalline. 

Cleavage    not    observed.      Fracture    conchoidal  to    uneven.     Brittle. 


v^-'\ 
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The  Epidote  Group  includes  the  above  complex  orthosilicates.  The 
monoclinic  species  agree  closely  in  form.  To  them  the  orthorhombic  species 
zoisite  is  also  related  in  angle,  its  prismatic  zone  corresponding  to  the  mono- 
clinic  orthodomes,  etc.    Thus  we  have: 

Zoisite    mm'",  110  A  lIO  =  63**  34'.        Epidote    cr,      001  A  lOl  «  63**  42'. 

.    uu\      021  A  021  =  68**  54'.  mm',  110  A  IlO  =  70**    4',  etc. 

There  seems  to  be,  however,  a  monoclinic  calcium  compound,  having  the  com- 
position of  zoisite,  but  monoclinic  and  strictly  isomorphous  with  ordinary 

epidote;  it  is  called  dinozoisite. 

( 

ZOISITE. 

•1   Orthorhombic.     Axes  a  :  6  :  c  =  06196  :  1  :  034295. 

mm'",  110  A  lIO  =  63**  34'.  Jf,     Oil  A  Oil  «  37**  52'. 

d4\       101  A  TOl  -  57**  56'.  oo'",  111  A  ill  =  33**  24'. 

Crystals  prismatic,  deeply  striated  or  furrowed  vertically,  and  seldom 
distinctly  terminated.    Also  massive;  columnar  to  compact. 

'  Cleavage:  6  (010)  very  p)erfect.  Fracture  uneven  to  subconchoidal. 
Brittle.  H.  =  6-6*5.  G.  =  3'25-3-37.  Luster  vitreous;  on  the  cleavage- 
face,  b  (010),  pearly.  Color  grayish  white,  gray,  yellowish  brown,  greenish 
gray,  apple-green;    also  peach-blossom-red  to  rose-red.    Streak  uncolored. 

,  Transparent  to  subtranslucent. 

f  Pleochroism  strong  in  pink  varieties.  Optically  +.  Ax.  pi.  usually  ||  6 
(010);  also  ||  c  (001).  Bx  ±  a  (100).  Dispersion  strong,  p  <  v]  also  p  >  i\ 
Axial  angle  variable  even  in  the  same  crystal.  2V  =  0°-60**.  a  =  1700. 
/3  =  1-703.    7  =  1-706. 

Var.  —  1.  Ordinary.  Colors  gray  to  white  and  brown;  also  green.  Usually  in  indistinct 
prismatic  or  columnar  forms;  also  in  fibrous  ag^egates.  G.  =  3*226-3*381.  UnionUe  is  a 
very  pure  zoisite.  2.  Rose-red  or  Thtdite.  Fragile;  pleochroism  strong.  3.  Compact, 
massive.  Includes  the  essential  part  of  most  of  the  mineral  material  known  as  aauasuriU 
(e.g.f  in  saussurite-gabbro),  which  has  arisen  from  the  alteration  of  feldspar. 

Comp.  —  HCasAUSi^Ois  or  4CaO.3Al2O3.6SiO2.H2O  =  Silica  397,  alu- 
mina 33*7,  lime  24*6,  water  2*0  =  100.  The  almnina  is  sometimes  replaced 
by  iron,  thus  graduating  toward  epidote,  which  has  the  same  general  for- 
mula. 

Pvr.,  etc.  —  B.B.  swells  up  and  fuses  at  3-3*5  to  a  white  blebby  mass.  Not  decom- 
posed by  acids;  when  previously  ignited  gelatinizes  with  hydrochloric  acid.  Gives  off  water 
when  strongly  ignited. 

Diff.  —  Characterized  by  the  columnar  structure;  fusibility  with  intimaeeoenoe;  re- 
sembles some  amphibole. 

Micro.  —  Distinguished  in  thin  sections  by  its  hieh  relief  and  very  low  interference- 
colors;  lack  of  color  and  biaxial  character.  From  epidote  it  is  distingjOished  by  its  lack  of 
color  and  low  birefringence;  from  vesuvianite  by  its  color  and  biaioal  character.  Thin 
sections  fFequently  show  the  ^^tdlra  hlue^*  (p.  520)  between  crossed  nicols. 

Obs.  —  Occurs  especially  in  those  crystaUine  schi<«ts  which  have  been  formed  by  the 
dynamic  metamorphism  of  basic  igneous  rocks  containing  plagioclase  rich  in  lime.  Com- 
monly accompanies  some  one  of  the  amphiboles  (actinolite,  smaragdite,  glaucophane,  etc.); 
thus  m  amphibolite,  glaucophane  schist,  eclogite;  often  associated  with  corunaum. 

The  original  zoisite  is  that  of  the  eclo^te  of  the  SauaJpe  in  Carinthia  (satudpite).  Other 
localities  are:  Rauris  in  Salzburg;  Sterzing,  etc.,  in  Tyrol,  Austria;  the  FichtelgebirKe  in 
Bavaria;  Marschendorf  in  Moravia;  Saastal  in  Switzerland;  the  island  of  Syra,  one  of  the 
Cyclades,  in  glaucophane  schist.  In  crystals  from  Chester,  Mass..  Tkulite  occurs  at 
Kleppan  in  Tellemarken,  Norway,  and  at  Traversella  in  Piedmgnt,  Italy. 
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BPIDOTE.    Pistacite. 
Monoclinic.    Axes  a  :b  :  c  —  1*5787 

mm'",  110  A  lIO  =  109*  56'. 


CUf 

ce, 
cr, 
arr 


001  A  100  -  64*  37'. 

001  A  101  =  34*  43'. 

001  A  lOl  =  63*  42'. 

100  A  lOl  -  61*  41'. 


1  :  1-8036;  jS  =  64°  37'. 

dy  001  A  201  «  89*  26'. 
CO,  001  A  Oil  »  58*  28'. 
en,  001  A  In  =  75*  11'. 
an"',  100  A  111  «  69*  2'. 
nn''\  111  A  111  =  70*  29'. 
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Twins:  tw.  pi.  a  (100)  common,  often  as  embedded  tw.  lamellse.  Crystals 
usually  prismatic  ||  the  ortho-axis  6  and  terminated  at  one  .extremity  only; 
passing  into  aciciilar  forms;  the  faces  in  the  zone  o  (100)/c  (001)  deeply 
striated.  Also  fibrous,  divergent  or  parallel;  granular,  particles  of  various 
sizes,  sometimes  fine  granular,  and  forming  rock-masses. 

Cleavage:  c  (001)  perfect;  o  (100)  imperfect.  Fracture  uneven.  Brittle. 
H.  =  6-7.  G.  =  3*25-3 -5.  Luster  vitreous;  on  c  (001)  inclining  to  pearly 
or  resinous.  Color  pistachio-green  or  yellowish  green  to  brownish  green, 
greenish  black,  and  black;  sometimes  clear  red  and  yellow;  also  gray  and 
grayish  white,  rarely  colorless.  Streak  uncolored,  grayish.  Transparent  to 
opaque:  generally  subtranslucent. 

Pleochroism  strong:  vibrations  1 1  Z  green,  Y  brown  and  strongly  absorbed, 
X  yellow. .  Absorption  usually  Y  >  Z  >  X;  but  sometimes  Z  >  F  >  X  in 
the  variety  of  epidote  common  in  rocks.  Often 
exhibits  idiophanous  figures;  best  in  sections 
normal  to  an  optic  axis,  but  often  to  be  observed 
in  natural  crystals  (Sulzbach),  esp)ecially  if  flat- 
tened II  r(Tol).  (See  p.  288.)  Optically  -. 
Ax.  pi.  II  6  (010).  Bx...r  A  c  axis  =  -  2^  56'. 
Hence  Z  ±  a  (100)  nearly.  Dispersion  inclined, 
strongly  marked;'  of  the  axes  feeble,  p  >  v. 
Axial  a^igle  large,  a  =  1*729.  '  fi  =  1754.  y  = 
1-768. 

Var.  —  Epidote  has  ordinarily  a  peculiar  yellowish  green 
(pistachio)  color,  seldom  found  in  other  minerals.  But 
this  color  passes  into  dark  and  light  shades  —  black  on  one 
side  and  brown  on  the  other;  red,  yellow  and  colorless 
varieties  also  occur. 

Var.  1.  Ordinary,  Ck>lor  green  of  some  shade,  as  described,  the  pistachio  tint  rarely 
absent,  (a)  In  crystals,  (h)  Fibrous,  (c)  Granular  massive,  {d)  ocorso  is  epidote  sand 
from  the  gold  washings  in  Transylvania.  The  ArendaL  Norwav,  epidote  (Arendalite)  is 
mostly  in  dark  green  crystals;  that  of  Bourg  d'Oisans,  Dauphine,  France,  (ThaMite,  Ddr 
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phiniUf  Oisanile)  in  yellowish  green  crystals,  sometimes  transparent.  Puschkinite  include 
crystals  from  the  auriferous  sands  of  Ekaterinburg,  Ural  Mts.  AchmatUe  is  ordinar>'  epi- 
dote  from  Achmatovsk.  Ural  Mts.  A  variety  from  Garda,  Hoste  Island,  Terra  del  Fuegc>. 
is  colorless  and  resembles  zoisite. 

2.  The  Bvcklandite  from  Achmatovsk,  Ural  Mts.,  described  by  Hermann,  is  black  with 
a  tinge  of  green,  and  differs  from  ordinary  epidote  in  having  the  crystals  nearly  symmetrical 
and  not,  like  other  epidote,  lengthened  in  the  direction  of  the  ortho-axis.    G.  ^  3 '51. 

3.  WUhamUe.  Carmine-r^  to  straw->rellow,  stron^y  pleochroic;  deep  crimson  and 
straw-yeUow.  H.  =  6-6'5;  G.  =  3137;  in  small  radiated  groups.  From  Glencoe,  in 
Argyleshire,  Scotland.    Sometimes  referred  to  piedmontite,  but  contains  little  MnO. 

4.  Tawmanite  is  a  chromium-bearing  epidote  from  Tawman,  Kachin  Hills,  Upper  Burma. 
Deep  green  color  and  strong  pleochroism,  emerald-green  to  bright  yellow. 

Comp.  —  HCa8(Al,Fe)8SiiOi,  or  H20.4Ca0.3(Al,Fe,)jO,.6SiO„  the  ratio 
of  aluminium  to  iron  varies  commonly  from  6  :  1  to  3  :  2.  Percentage  com- 
position: 

For  Al :  Fe  =  3  :  1  SiO,  37-87,  Alrf),  2413,  Ferf),  1260,  CaO  23*51,  H>0  1*89  =  100 

Clinozaisile  is  an  epidote  without  iron,  having  the  composition  of  zoisite;  fauqtMeiU  is 

Srobably  the  same  from  an  anorthite-gneiss  in  Ceylon.    Picroepidate  is  supposed  to  contain 
f  g  in  place  of  Ca. 

Pyr.y  etc.  —  In  the  closed  tube  gives  water  on  strong  ignition.  B.B.  fuses  with  in- 
tumescence at  3-3*5  to  a  dark  brown  or  black  mass  which  is  generally  magnetic.  Reacts 
for  iron  and  sometimes  for  manganese  with  the  fluxes.  Partially  decomposed  by  hydro- 
chloric acid,  but  when  previously  ignited,  gelatinizes  with  acid.  Decomposed  on  fusion 
with  alkaline  carbonates. 

Diff.  —  Characterized  often  by  its  peculiar  yellowish  green  (pistachio)  color;  readilv 
fusible  and  yields  a  magnetic  globule  B.B.  Prismatic  forms  often  longitucfinally  striated, 
but  they  have  not  the  angle,  cleavage  or  brittleness  of  tremolite;  tourmaline  has  no  distinct 
cleavage,  is  less  fusible  (in  common  forms)  and  usually  shows  its  hexagonal  form. 

Micro.  —  Recognized  in  thin  sections  by  its  high  refraction;  strong  interference-colors 
rising  into  those  of  the  third  order  in  ordinary  sections;  decided  color  and  striking  pleochro- 
ism; also  by  the  fact  that  the  plane  of  the  optic  axes  lies  transversely  to  the  elongation  of 
the  crystals. 

Obs.  —  Epidote  is  conmionly  formed  by  the  metamorphism  (both  local  igneous  and  of 
general  dynamic  character)  of  impure  calcareous  sedimentary  rocks  or  igneous  rocks  con- 
taining much  lime.  It  thus  often  occurs  in  gneissic  rocks,  mica  schist,  amphibole  schist, 
serpentine;  so  also  in  quartzites,  sandstones  and  limestones  altered  by  neighboring  igneous 
rocks.  Often  accompanies  beds  of  magnetite  or  hematite  in  such  rocks.  Has  also  been 
found  in  granite  (Maryland),  and  regaled  as  an  original  mineral. 

It  is  often  associated  with  quartz,  feldspar,  actinoUte,  axinite,  chlorite,  etc.  It  some- 
times forms  with  quartz  an  epidote  rock,  called  epidosite.  A  similar  rock  exists  at  Mel- 
bourne in  Canada.  A  gneissoid  rock  consisting  of  flesh-colored  orthoclase,  quartz  and 
epidote  from  the  Unaka  Mts.  (N.  C.  and  Tenn.)  has  been  called  unakyte. 

Beautiful  crystallizations  come  from  Bourg  d'Oisans,  Dauphin^,  France;  the  Ala  valley 
and  Traversella,  in  Piedmont,  Italy;  Elba;  Zermatt,  Switzerland;  Zillertal  in  Tyrol, 
Austria;  also  in  fine  crystals  from  the  Knappenwand  in  the  Untersulzbachtal,  Pinzgau, 
Austria,  associated  with  asbestus,  adularia,  apatite,  titanite,  scheelite;  further  at  Striegau, 
Silesia;  Zoptau,  Moravia;  Arendal,  Norway;  the  Achmatovsk  mine  near  Zlatoust, 
Ural  Mts. 

In  North  America,  occurs  in  N.  H.,  at  Franconia  and  Warren.  In  Mass.,  at  Hadlyme 
and  Chester  in  crystals  in  gneiss;  at  Athol,  in  syenitic  gneiss,  in  fine  crystals;  Newbury, 
in  limestone.  In  Conn.,  at  Haddam,  in  large  splendid  crystals.  In  N.  Y.,  near  Amity; 
Monroe,  Orange  Co.;  Warwick,  pale  yellowish  green,  with  titanite  and  pyroxene.  In 
N.  C,  at  Hampton's,  Yancey  Co.;  White's  mill,  Gaston  Co.;  Franklin,  Macon  Co.;  in 
crystals  and  crystalline  masses  in  quartz  at  White  Plains,  Alexander  Co.^  In  Mich.,  in  the 
Lake  Superior  region,  at  many  of  the  mines.  Crystals  from  Seven  Devils  mining  district, 
Idf^o;   from  Riverside,  Cal.;    from  Sulzer,  Prince  of  Wales  Island,  Alaska. 

Epidote  was  named  by  Hatty,  from  the  Greek  cirtao<rif,  increcLse^  translated  by  him, 
"qui  k  recu  un  accroissement,"  tne  base  of  the  prism  (rhomboidal  prism)  having  one  side 
longer  than  the  other.    Putcunie^  from  rurraKu^f  the  pistachio-nuif  refers  to  the  color. 

Piedmontite.  Similar  in  angle  to  ordinary  epidote,  but  contains  5  to  15  p.  c.  MniOi- 
H.  p  6' 5.     G.s  3*404.     Color  reddish  brown  and  reddish  black.    Pleochroism  strong. 
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Absorption  X  >  Y  >  Z.  Optically  +.  Ax.  pi.  ||  b  (010).  Bxa-r  A  c  axis  =  +  82*'  34', 
X  A  c  axis  =  —  6**  to  —  3**.  i3  =  1  "73.  Occurs  with  manganese  ores  at  St.  Marcel,  Pied- 
mont, Italv.  In  crystalline  schists  on  He  de  Groix,  France;  in  slaucophane-schist  in  Japan. 
Occasionally  in  quartz  porphyry,  as  in  the  antique  red  porphyry  of  Egypt,  also  that  of 
South  Mountain,  Pa. 

Hancoddte.  Belongs  in  Epidote  Group  containing,  PbO,  MnO,  CaO,  SrO,  MgO, 
AloOs,  FesOi,  MnjOi.  Crystals  which  are  very  small  and  lath  shaped  show  characteristic 
epidote  habit  and  closely  related  angles.  Brownish  red.  H.  »  &-7.  G.  =  4*0.  Found 
at  Franklin,  N.  J. 

ALLANITE.    Orthite. 

Monoclinic.  Axes,  p.  529.  In  angle  near  epidote.  Crystals  often  tabu- 
lar 1 1  a  (100) ;  also  long  and  slender  to  acicular  prismatic  by  elongation  1 1  axis  &. 
Also  massive  and  in  embedded  grains. 

Cleavage:  a  (100)  and  c  (001)  in  traces;  also  m  (110)  sometimes  observed. 
Fracture  uneven  or  subconchoidal.  Brittle.  H.  —  5'5-6.  G.  =  3-0-4 -2. 
Luster  submetallic,  pitchy  or  resinous.  Color  brown  to  black.  Subtranslu- 
cent  to  opaque.  Pleochroism  strong:  Z  brownish  yellow,  Y  reddish  brown, 
X  greenish  brown.  Optically  — .  Ax.  pi.  ||  6  (010).  Bxa  A  c  axis  =  32 J® 
approx.  P  =  1*682.  Birefringence  variable.  Also  isotropic  and  amorphous 
by  alteration  analogous  to  gadolinite. 

Var.^—  AUanUe.  The  original  mineral  was  from  East  Greenland,  in  tabular  crystals 
or  p^tes.  Color  black  or  brownish  black.  G.  =  3'50-3*95.  BtxklandUe  is  anhydrous 
allanite  in  small  black  crystals  from  a  magnetite  mine  near  Arendal,  Norway.  Bagration" 
He  occurs  in  black  crystals  which  are  like  the  bucklandite  of  Achmatovsk  (epidote). 

Orthite  included,  in  its  original  use,  the  slender  or  acicular  prismatic  crystals,  containing 
some  water,  from  Finbo,  near  Falun,  Sweden.  But  these  graduate  into  massive  forms,  and 
some  orthites  are  anhydrous,  or  as  nearly  so  as  most  allanite.  The  name  is  from  6p$os 
straight, 

n  m  n 

Comp.  —  Like  epidote   HRRsSiiCs  or  H20.4R0.3R208.6SiOj  with  R 

ni 

=  Ca  and  Fe,  and  R.  =  Al,Fe,  the  cerium  metals  Ce,  Di,  La,  and  in  smaller 
amounts  those  of  the  jrttrium  group.  Some  varieties  contain  considerable 
water,  but  probably  by  alteration. 

Pyr.,  etc.  —  Some  varieties  give  much  water  in*  the  closed  tube,  and  all  kinds  jrield  a 
nmall  amount  on  strong  ignition.  B.B.  fuses  easily  and  swells  up  (F.  =2*5)  to  a  dark, 
hlebby,  magnetic  glass.  With  the  fluxes  reacts  for  iron.  Most  varieties  gelatinize  with 
hydrochloric  acid,  put  if  j^reviously  ignited  are  not  decomposed  by  acid. 

Obs.  —  Occurs  in  albitic  and  common  feldspathic  granite,  gneiss^  syenite,  zircon  syenite, 
porphyry.  Thus  in  Greenland;  Norway;  Sweden;  Striegau^  Silesia.  Also  in  white  lime- 
stone as  at  Auerbach  on  the  Bergstrasse,  Germany ;  often  in  mmes  of  ma^etic  iron.  Rather 
common  as  an  accessory  constituent  in  many  rocks,  as  in  andesite,  diorite,  dacite,  rhyolite, 
the  tonalite  of  Mt.  Adamello,  Austria,  the  scapolite  rocks  of  Odegaarden,  Norway,  etc. 
Sometimes  inclosed  as  a  nucleus  in  crystals  of  the  isomorphous  species,  epidote.  From 
Madagascar. 

At  Vesuvius  in  ejected  masses  with  sanidine,  sodalite,  nephelite,  hornblende,  etc. 
Similarly  in  trachytic  ejected  masses  at  the  Laacher  See,  Germany  (bucklandite). 

In  Mass.,  at  the  Bolton  quarry.  In  N.  Y.,  Moriah,  Essex  Co.,  with  magnetite  and 
apatite;  at  Monroe,  Orange  Co.  In  N.  J.,  at  Franklin  Furnace  with  feldspar  and  mag- 
netite. In  Pa.,  at  South  Mountain,  near  Bethlehem,  in  large  crystals;  at  East  Bradford; 
near  Eckhardt's  furnace,,  Berks  Co.,  abundant.  In  Va.,  in  large  masses  in  Amherst  Co.; 
also  in  Bedford,  Nelson,  and  Amelia  counties.  In  N.  C,  at  many  points.  At  the  Devil's 
Head  Mt.,  Douglas  Co.,  Col.    In  Texas  in  Llano  Co. 
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AXmiTB. 

Triclinic.    Axes  a  :  6  :  c  =  04921  :  1  :  04797;  a  =  82*  64',  /3  =  91°  52^, 
7  =  13^  32'. 


900 


901 


Dauphin^ 


Poloma 


am.   100  A  110 

oM,  100  A  lIO 

as,  100  A  201 


15*  34'. 
28*66'. 
21*  37'. 


Mr, 
mr, 


iTO  A  111 
110  A  111 
110  A  201 


Bethlehem,  F 

45*  15'. 
64*22'. 
27*  57'. 


Crystals  usually  broad  and  acute-edged,  but  varied  in  habit.    Also  dd 
sive,  lamellar,  lamells  often  curved;  sometimes  granular. 

Cleavage:  6  (010)  distinct.  Fracture  conchoidal.  Brittle.  H.  =  6*5  ' 
G.  =  3*271--3*294.  Luster  highly  glassy.  Color  clove-brown,  plum-bi 
and  pearl-gray;  also  honey-yellow,  greenish  yellow.  Streak  uncoloL 
Transparent  to  subtranslucent.  Pleochroism  strong.  Optically  — .  Ax. 
and  Bxa  approximately  JL  x  (111).  Axial  angles  variable.  2V  =  65^-7 
/3  =  1-68  (approx.).     Pyroelectric  (p.  307). 

Comp.  —  A   boro-silicate   of    aluminium    and    calcium   with   varying 


iz  in 


amoimts  of  iron  and  manganese.  Formula,  R7R4B2(Si04)8.  R  —  Calcium 
chiefly,  sometimes  in  large  excess,  again  in  smaller  amount  and  manganese 
prominent;  iron  is  present  in  small  quantity,  also  magnesium  and  basic  hydro- 
gen. 

Pyr.,  etc.  —  B.B.  fuses  readily  with  intumescence,  imparts  a  pale  green  color  to  the 
O.F.,  and  fuses  at  2  to  a  dark  green  to  black  glass;  with  borax  in  O.F.  gives  an  amethystine 
bead  (manganese),  which  in  R.F.  becomes  yellow  (iron).  Fused  with  a  mixture  of  bisul- 
phate  of  potash  and  fluorite  on  the  platinum  loop  colors  the  flame  green  (boric  acid).  Not 
decomposed  by  acids,  but  when  previously  ignited,  gelatinizes  with  hydrochloric  acid. 

Obs.  —  Axinite  occurs  in  clove-brown  crystals;  near  Bourg  d'Oisans  in  Dauphine, 
France;  at  Andreasberg,  Harz  Mts.,  Germany;  Striegau,  Silesia;  on  Mt.  Skopi,  in  eastern 
Switzerland;  Elba:  at  the  silver  mines  of  Kongsberg.  Norway;  Nordmark,  Sweden;  near 
Miask  in  the  Ural  Mts.:  in  Cornwall,  England,  of  a  oark  color,  at  the  Botallack  mine  near 
St.  Just,  etc.    From  Ooira,  Japan. 

In  the  United  States,  at  Pmppsburg,  Me.;  Franklin  Furnace.  N.  J.,  honey-ydlow;  at 
Bethlehem,  Pa.;  in  Cal.  at  Bonsall,  San  Diego  Co.,  at  Riverside,  Riverside  Co.,  and  at 
Consiuners  Mine,  Amador  Co. 

Named  from  a|u^,  an  axe,  in  allusion  to  the  form  of  the  crystals. 


PREHNTTE. 

Orthorhombic-hemimorphic.    Axes  a  :b  :  c  =  0*8401  :  1  :  0*5549. 
Distinct  individual  crystals  rare;  usually  tabular  H  c  (001);   sometimes 
prismatic,  ww'"  (110)  A  (lIO)  =  80°  4';  again  acute  pyramidal.    CJommonly 
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in  groups  of  tabular  crystals,  united  by  c  (001)  making  broken  forms,  often 
barrel-shaped.  Reniform,  globular,  and  stalactitic  with  a  crystalline  surface. 
Structure  imperfectly  columnar  or  lamellar,  strongly  coherent;  also  compact 
granular  or  impalpable. 

Cleavage:  c  (001)  distinct.  Fracture  uneven.  Brittle.  H.  =  &-6-5. 
G.  =  2 -80-2 -95.  Luster  vitreous;  on  base  weak  pearly.  Color  light  green, 
oil-^reen,  passing  into  white  and  gray;  often  fading  on  exposure.  Sub- 
transparent  to  translucent.    Streak  uncolored. 

Comp.  —  An  acid  orthosiUcate,  H2Ca2Al2(Si04)8  =  Silica  43'7,  alumina 
24-8,  lime  27-1,  water  44  =  100. 

Prehnite  is  sometimes  classed  with  the  zeolites,  with  which  it  is  often  associated:  the, 
vrater  here,  however,  has  been  shown  to  go  off  only  at  a  red  heat,  and  hence  plays  a  oiffer'- 
ent  part. 

Pyr.,  etc.  —  In  the  closed  tube  yields  water.  B.B.  fuses  at  2  with  intumescence  to  a 
blebby  enamel-like  glass.  Decomposed  slowly  by  hydrochloric  acid  without  gdatinising; 
after  fusion  dissolves  readilv  with  gelatinization. 

Diff.  —  B.B.  fuses  readilv,  unlike  beryl,  green  quartz,  and  chalcedony.  Its  hardness  is 
^eater  than  that  of  the  zeolites. 

Obs.  —  Occurs  chiefly  in  basic  eruptive  rocks,  basalt,  diabase,  etc.,  as  a  secondary  min- 
eral in  veins  and  cavities,  often  associated  with  some  of  the  zeolites,  also  datoUte,  pectoUte, 
calcite,  but  commonly  one  of  the  first  formed  of  the  series;  also  less  often  in  granite,  gneiss, 
syoDXte,  and  then  frequently  associated  with  epidote;  sometimes  associate!  with  native 
cof>t>er,  as  in  the  Lake  Superior  region. 

At  St.  Christophe,  near  Bourg  d'Oisans  in  Dauphin^,  France;  Fassatal,  Tyrol^  Austria; 
the  Ala  valley  in  Piedmont,  Italy;  in  the  Harz  Mts.  near  Andreasberg,  Germany;  m  granite 
at  Strie^u,  Silesia;  Arendal,  Norway;  iEdelfors  in  Sweden  (edelite);  at  Corstorphine  Hill, 
near  Edinburgh,  Scotland;  Moume  Mts.,  Ireland. 

In  the  Umted  States,  finely  cr^rstallized  at  Farmington,  Conn.;  Paterson  and  Bergen 
Hill,  N.  J.;  in  syenite,  at  Somerville,  Mass.;  on  north  shore  of  Lake  Superior,  and  the 
copper  region. 

Named  (1790)  after  Col.  Prehn,  who  brought  the  mineral  from  the  Cape  of  Grood  Hope. 

Harstigite.  An  acid  orthosilicate  of  manganese  and  calcium.  In  small  colorless  pris- 
matic crystals.  H.  =  5-5.  G.  =  3049.  Indices,  1-678-1 -683.  From  the  Harstig  mine, 
near  Pajsberg,  Wermland,  Sweden. 

Cuspidine.  Contains  silica,  lime,  fluorine,  and  from  alteration  carbon  dioxide:  formula 
perhaps  Ca«Si(0,Fj)4.  In  minute  spear-shaped  cnrstals.  H.  —  6^.  G.  =2 -853-2  "860. 
Color  pale  rose-red.  Indices,  1-590-1*602.  From  Vesuvius,  in  ejected  masses  in  the  tufa 
of  Mofite  Somma.    From  Franklin,  N.  J. 


IV.  Subsilicates 


The  species  here  included  are  basic  salts,  for  the  most  part  to  be  referred 
either  to  the  metasilicates  or  orthosilicates,  like  many  basic  compounds  already 
included  in  the  preceding  pages.  Until  their  constitution  is  definitely  settled, 
however,  they  are  more  conveniently  grouped  by  themselves  as  Subsilicates. 
It  may  be  noted  that  those  species  having  an  oxygen  ratio  of  silicon  to  bases 
of  2  :  3,  like  topeiz,  andalusite,  sillimanite,  datoUte,  etc.,  also  calamine,  car- 
pholite,  and  perhaps  tourmaline,  are  sometimes  regarded  as  salts  of  the  hypo- 
thetical parasilicic  acid,  H«Si05. 

The  only  prominent  group  in  this  subdivision  is  the  Humite  Group. 
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Humite  Group 

[Mg(F,OH)]2Mg[Si04],?  MonocUnic  10803  ':  1 ':  1-8861     90^ 

Chondrodite 

[Mg(F,OH)J,Mg3lSi04]2  MonocUnic  10863  :  1  :  3-1447     90= 

Humite  b  :  a  :  c 

[Mg(F,OH)]jMg6[Si04]8  Orthorhombic        10802  :  1  :  4-4033 
Clinohumite 

[Mg(F,OH)]2Mg7lSi04l4  Monoclinie  10803  :  1  :  56588 

The  species  here  included  form  a  remarkable  series  both  as  regards  c 
talline  form  and  chemical  composition.  In  crystallization  they  have  seii5 
the  same  ratio  for  the  lateral  axes,  while  the  vertical  axes  are  almo6t  ex£ 
in  the  ratio  of  the  numbers  3:5:7:9  (see  also  below).  Furthem 
though  one  species  is  orthorhombic,  the  others  monoclinie,  they  here 
correspond  closely,  since  the  axial  angle  P  in  the  latter  cases  does  not  sem 
differ  from  90°. 

In  composition,  as  shown  by  Penfield  and  Howe  (also  Sjogren),  the 
three  species  are  basic  orthosilicates  in  each  of  which  the  univalent  g>  * 
(MgF)  or  (MgOH)  enters,  while  the  Mg  atoms  present  are  in  the  rat  • 
3:5:  7.    The  composition  given  for  Prolectite  is  theoretical  only,  b  i 
that    which    would    be    expected    from    its    crystallization.    In   ph>-> 
characters  these  sp)ecies  are  very  similar,  and  several  of  them  may  c« 
together    at    the    same   locahty    and    even   intercrystallized   in    pai:« 
lamellse. 

The  species  of  the  group  approximate  closely  in  angle  to  chrysolite  and  chryso^ 
The  axial  ratios  may  be  compared  as  follows: 

Prolectite a:    6  :  J  c  =  10803  :  1  :  0*6287 

Chondrodite a  :    6  :  i  c  «  1-0863  :  1  :  0*6289 

Humite b:    ai^c  =  10802  :  1  :  0-6291       * 

Clinohumite a  :    6  :  i  c  -  10803  : 1  :  0-6288 

Chrysolite 6  :  2a  :     c  =»  1-0735  :  1  :  0-6296       . 

Chrysoberyl h:2a:     c  =  10637  :  1  :  0-6170     f 

CHONDRODITE  —  HUMITE  —  CLINOHUMITE. 

• 

Axial  ratios  as  given  above.  Habit  varied,  figs.  902  to  910.  Twins 
common,  the  twinning  planes  inchned  60°,  also  30°,  to  c  (001)  in  the  brachy- 
dome  or  chnodome  zone,  hence  the  axes  crossing  at  angles  near  60°;  often 
repeated  as  trillings  and  as  polysynthetic  lamellae  (cf.  Fig.  609,  p.  299).  Also 
twins,  with  c  (001)  as  tw.  plane.  Two  of  the  three  species  are  often  twinned 
together. 

Cleavage:  c  (001)  sometimes  distinct.  Fracture  subconchoidal  to  uneven. 
Brittle.  H.  =  6-6'5.  G.  =  3-1-3-2.  Luster  vitreous  to  resinous.  Color 
white,  Ught  yellow,  honey-yellow  to  chestnut-brown  and  garnet-  or  hyacinth- 
red.    Pleochroism  sometimes  distinct.    Optically  +. 

Chondrodite.  Absorption  X  >  Z  >  Y.  Optically  +.  Ax.  pi.  and  Bxa  ±  b  (010). 
Bxo  A  c  axis  ^  X  Ac  axis  =  +  25**  52'  Brewster;  28**  56'  Kafvdtorp;  30**  approx.,  Mte. 
Somma.    /3  =  1-619;  7  -  «  =  0031.    2V  =  80°. 

Humite.    Ax.  pi.  ||  c  (001).     Bx  X  a  (100).     /3  »  1*643.    7  -  a  =  0*035. 

ClinohumiU.  Ax.  pi.  and  Bx»  ±  6  (010).  Bxo  A  c  axis  *=  -f  11**-12*';  71**  approx., 
Brewster.    2V  =  76**.    ^  =  1670.    7  -  a  =  0038. 
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Figs.  902,  9a3,  Chondrodiie,  Brewster,  N.  Y. 

906 

108. ^ 


ChondrodiUf  Sweden 
907 


Projection  on  (001) 

Projectioa  on  ((flo) 
Figs.  d05,  906,  ChondrodiU,  Mte.  Sonuna 
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HumUey  Vesuvius 


ClinohumUe,  Brewster 


Projection  on  iOiO) 
Clinohumiiet  Mte.  Somma 


Comp.  —  Basic  fluosilicates  of  magnesium  with  related  formulas  as 
shown  in  the  table  above.  Hydroxyl  replaces  part  of  the  fluorine,  and  iron 
often  takes  the  place  of  magnesium. 

Pyr.,  etc.  —  B.B.  infusible;  some  varieties  blacken  and  then  bum  white.  Fused  with 
potassium  bisulphate  in  the  closed  tube  gives  a  reaction  for  fluorine.  With  the  fluxes 
a  reaction  for  iron.  Gelatinizes  with  acids.  Heated  with  sulphuric  acid  gives  ofif  silicon 
fluoride. 
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Ob6.  -  Choodrodite,  humite.  and  clinohumite  all  occur  at  Vesuvius  in  the  ejf^ 
maases  both  of  limestone  or  feldspathic  t>i)e  found  on  Monte  Somma.  They  lu-e  associ^ 
with  chrysolite,  biotite,  pyroxene,  magnetite,  spind,  vesuvianite,  caldte,  et^-.;  alsi» 
often  with  sanidine,  mdonite,  nephelite.  Of  the  three  species,  humite  is  the  rsLrest  a: 
clinohumite  of  most  frequent  occurrence.  They  sdklom  all  occur  together  in  the  ^:r 
mass,  and  only  rarely  two  of  the  species  (as  humite  and  clinohumite)  appear  togeth- 
Oocasionally  clinohumite  interpenetrates  crystab  of  humite,  and  parallel  Intergrovths  wi- 
chrysolite  have  also  been  observed. 

Chandrodite  occurs  at  Mte.  Somma,  Vesuvius,  as  above  noted;  at  Pargas,  Finland,  horr^- 
yeQow  in  limestone;  at  Kafveltorp,  Nya-Kopparberg,  Sweden,  associated  with  cfaalcop>Ti- 
galena,  sphalerite.     At  Brewster.  N.  Y.,  at  the  Tiuy  Foster  magnetic  iron  mine  in  d-^: 
garnet-red  crystals.     Also  probably  at  numerous  points  where  the  occurrence  of  "cb  :- 
drodite"  has  been  reported. 

Humite  also  occurs  at  the  Ladu  mine  near  Filipetadt,  Sweden,  with  masnetite  in  me- 
talline limestone.  In  crystalline  limestone  with  chnohumite  in  Andalusia,  ^ain.  Als>>  i 
large,  coarse,  partly  altered  crystals  at  the  Tilly  Foster  iron-mine  at  Brewster,  N".  Y.  yox^: 
at  Franklin  Furnace,  N.  J. 

Clinokumite  occurs  at  Mte.  Somma  and  in  Andalusia;  in  crystalline  limestone  nfti: 
Lake  Baikal  in  East  Siberia;  at  Brewster,  N.  V.,  in  rare  but  highly  modified  crystals. 

HydrodinohumiU  is  a  titanifoous  variety  (origmallv  calfed  tUanoiirine)  from  Ab 
Valley.  Piedmont,  Itab. 

ProUetitt  is  from  the  Ko  mine,  Nordmark,  Sweden;  very  rare;  imperfectly  known. 

Numerous  other  localities  of  ''chondrodite*'  have  been  noted,  cnieflv  in  crystalbn' 
limestone;  most  of  them  are  probably  to  be  referred  to  the  species  diondrodite,  but  ih- 
identity  in  many  cases  is  yet  to  be  proved.  At  Brewster  large  quantities  of  massive  ''  ch  n- 
drodite''  occur  associated  with  magnetite,  enstatite,  ripidolite,  and  from  its  extendi  v> 
alteration  serpentine  has  been  formed  on  a  large  scale.  The  granular  mineral  is  comc^n 
in  limestone  in  Sussex  Co.,  N.  J.,  and  Orange  (>>.,  N.  V.,  associated  with  spind,  and  orcn- 
sionally  with  pyroxene  and  corundum.  Also  in  Mass.,  at  Chelmsford,  with  scapolit* 
at  South  Lee,  in  limestone.  In  Canada,  in  limestone  at  St.  Jerome,  Grenville,  et<  , 
abundant. 

The  name  chondrodite  is  from  xov<dpot,  a  grain ,  alluding  to  the  granular  structure 
Humite  is  from  Sir  Abraham  Hume. 

Leucophcenicite.  Mn»(MnOH)2(Si04)s,  similar  to  the  humite  type  of  fonnuJa. 
Monoclimc.  In  striated  cr>'8talB  elongated  parallel  to  ortho-axis.  Maanve.  H.  »  5*5-6 
G.  »  3*8.    Color  li^t  purplish  red.     Fusible.     From  Franklin,  N.  J. 


ILVAITE.    Lievrite.     Venite. 

Orthorhombic.     Axes  a  :  6  :  c  =  06665  :  1  :  04427. 

ftll  mm"\  110  A  no  =  6r  22'.  rr',   101  A  TOl  «  G'f*  11'. 

«'.        120  A  T20  =  73*  45'.  oo\  111  A  111  «  62**  33'. 


fog>X 


Commonly  in  prisms,  with  prismatic  faces  vertically  striated. 
Columnar  or  compact  massive. 

Cleavage:  6(010),  c(OOl)  rather  distinct.     Fracture  uneven. 

Brittle.       H.  =  5*5-6.       G.  =  3-99-4-05.       Luster  submetallic. 

Color  iron-black  or  dark  grayish  black.     Streak  black,  inclining 

to  green  or  brown.     Opaque. 

Ml      J  Con^i.  —  CaFe,(FeOH)(Si04)i     or     H,O.Ca0.4FeO.Feia. 

vovTo]^    4SiO,  =  Silica  29*3,  iron  sesquioxide  19*6,  iron  protoxide  352, 

^^^'"^'^      lime    13'7,  water    2*2  =  100.     Manganese   may    replace    part 

of  the  ferrous  iron. 

Pyr.,  etc  —  B.B.  fuses  quietly  at  2*5  to  a  black  magnetic  bead.  With  the  fluxes  reacts 
for  iron.  Some  varieties  give  also  a  reaction  for  manganese.  GeUtinises  with  hydro- 
chloric acid. 

Obs.  —  Found  on  Elba  in  dolomite;  on  Mt  Mulatto  near  Predaxzo.  Tyrol,  Austria,  in 
granite;  Schneeberg,  Saxony;  Fossum,  in  Norway.  In  cr>'stals  from  Siorarsiut,  South 
Greenland.     Reported  as  formerly  found  at  Cumberland,  R.  I.;  also  at  Milk  Row  quarr>% 
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Somerville,  Mass.   In  fine  crystals  from  South  Mountain  mine,  Owyhee  Co.,  Idaho.   Named 
Ilvaiie  from  the  Latin  name  of  the  island  (EHba). 

Ardennite.  Dewal^uite.  A  vanadio-silicate  of  aluminium  and  manganese;  also  con- 
taining arsenic.  In  prismatic  crystals  resembling  ilvaite.  H.  =  6-7.  G.  =*=  3*620.  Yel- 
low to  yellowish  brown.  Index  about  1*79.  Foimd  at  Salm  ChAteau  in  the  Ardennes, 
Belgium. 

-  L&ngbanite.  Manganese  silicate  with  ferrous  antimonate;  formula  doubtful.  Rbom- 
bohednu-tetartohedral.  In  iron-black  hexagonal  prismatic  crystals.  H.  «  6*5. 
G.  =«  4-918.    Luster  metallic.    From  L&ngban,  Sweden. 

The  following  are  rare  lead  silicates.    See  also  p.  498. 

Kentrolite.  Probably  3Pb0.2MntOi.3SiOs.  In  minute  prismatic  crystals;  often  in 
sheaf-like  forms;  also  massive.  H.  —  5.  G.  =  6*19.  Color  dark  reddish  brown;  black 
on  the  surface.  From  southern  Chile;  L&ngban  and  Jakobsberg,  Sweden;  Bena  Padru, 
near  Ozieri,  Sardinia. 

Melanotekite.     3Pb0.2Fe208.3SiOi   or    (Fe^OPbaCSiOJa.  Orthorhombic:   prismatic. 

Massive;   cleavable.    H.  »  6*5.    G.  »  573.    Luster  metallic  to  greasy.    Color  black  to 

blackish  gray.    Occurs  with  native  lead  at  L&ngban,  Sweden.  Also  in  crystals  resembling 
kentrolite  at  Hillsboro,  N.  M. 


Bertrandite.  HsBeiSifOt  or  Hs0.4Be0.2SiOs.  Orthorhombio-hemimorphie.  In  small 
tabular  or  prismatic  crystals.  H.  =  6-7.  G.  =  2'59-2-60.  Colorless  to  pale  yellow. 
Optically  — .  /3  »  1*603.  Usually  occurs  in  feldspathic  veins,  often  with  other  benrllium 
mmerals  as  a  result  of  the  alteration  of  beryl.  At  the  quarries  of  Barbin  near  Nantes, 
France;  Pisek.  Bohemia;  Irkutka  Mt.,  Altai  Mts.,  Russia;  Iveland,  Southern  Norway; 
Cornwall,  England;  Mt.  Antero,  Chaffee  Co.,  Col.,  with  phenacite;  Amelia  Court-House, 
Va.;  Oxford  Co.,  Me. 


CALAMINE.    Smithsonite.     Hemimorphite. 
Orthorhombic-hemimorphic.     Axes  a  :  b 
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76**    9'. 

62*  46'. 
122**  41'. 

5V  5'. 
no**  12'. 

78**  26'. 


:  c  =  0-7834 
912 


1  : 0-4778. 
913 


Crystals  often  tabular  ||  6  (010) ;  also  pris- 
matic; faces  b  vertically  striated.  Usually 
implanted  and  showing  one  extremity  only. 
Often  grouped  in  sheaf -like  forms  and  form- 
ing drusy  surfaces  in  cavities.  Also  stalac- 
titic,  mammillary,  botryoidal,  and  fibrous 
forms;  massive  and  granular. 

Cleavage:  m  (110)  perfect;  s  (101)  less  so; 
c  (001)  in  traces.  Fracture  uneven  to  subconchoidal.  Brittle.  H.  =  4*5-5, 
the  latter  when  crystallized.  G.  =  3-40-3*50.  Luster  vitreous;  c  (001) 
subpearly,  sometimes  adamantine.  Color  white;  sometimes  with  a  delicate 
bluish  or  greenish  shade;  also  yellowish  to  brown.  Streak  white.  Trans- 
parent to  translucent.  Optically  +.  2V  =  46*".  a  =  1'614.  /3  =  1-617. 
y  =  1*636.     Strongly  pyroelectric. 

Comp.  —  HaZnSiOs  or  (ZnOH)2SiOs  or  H2O.2ZnO.SiO2  =  Silica  25-0, 
zinc  oxide  67*5,  water  7*5  =  100.  The  water  goes  off  only  at  a  red  heat; 
unchanged  at  340°  C. 

Pyr.9  etc.  —  In  the  closed  tube  decrepitates,  whitens,  and  gives  off  water.     B.B.  almost 
infusible  (F.  —  6).    On  charcoal  with  soda  gives  a  coating  which  is  yellow  while  hot,  and 
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white  on  cooling.  Moistened  with  cobalt  solution,  and  heated  in  O.F^  this  ooating  assuin'^ 
a  bright  green  color,  but  the  ignited  niineral  its^  becomes  blue.  GeUtinises  with  afni- 
even  when  previously  ignited. 

Diff.  —  Characterised  by  its  infusibility;  reaction  for  zinc;  gelatinization  with  aci<I.> 
Resembles  some  smithsonite  (which  effervesces  with  acid),  also  porehnite. 

Obs.  —  Calamine  and  smithsonite  are  usually  founa  associated  in  veins  or  bed^  j 
stratified  calcareous  rocks  accompanying  sulphides  of  zinc,  iron  and  lead.  Thus  at  Aix-a- 
Chapelle,  Germany;  Raibel  and iBleiberg,  in  Carinthia;  Moresnet  in  Belgium;  Rezbdny. 
and  Schemnitz^  Hungarv.  At  Rou^ten  Gill,  in  Cmnberland;  at  Alston  Moor,  wh:*> 
near  Matlock,  m  Derbvsnire;  LeadhiU,  Scotland;  at  Nerchinsk,  in  eastern  Siberia.  Fno. 
Santa  Eulalia,  Chihuahua,  Mexico. 

In  the  United  States  occurs  at  Sterling  Hill,  near  Ogdensburg,  N.  J.,  in  fine  clear  cr>'^t  il- 
line  masses.  In  Pa.,  at  the  Perkiomen  and  Phenixville  IfM  mines;  at  FriedensMll 
Abimdant  in  Va.,  at  Austin's  mines  in  Wythe  Co.  With  the  zinc  deposits  of  southwestm 
Missouri,  especiailv  about  Granby,  both  as  crystallized  and  massive  calamine.  CrA-^tji^ 
from  Leadville,  Col.;  from  Organ  Mts.,  N.  M.;  Elkhom  Mts.,  Mon.  At  the  Knuna  mm  . 
Cottonwood  Cafion,  Utah. 

The  name  Calamine  (with  Galmei  of  the  Germans)  is  oonmionly  supposed  to  be  a  cor- 
ruption of  Cadmia.  Agricola  says  it  is  from  calamtUy  a  reed^  in  allusion  to  the  slendr? 
forms  (stalactitic)  conunon  in  the  cadmia  famacum. 

Use.  —  An  ore  of  zinc. 

Clinohedrite.  HsCaZuSiO*.  Monoclinic-clmohedral  (see  Figs.  352,  353,  p.  13S\ 
H.  ^"5*5.  G.  a  3'33.  Qolorless  or  white  to  amethystine.   Index,  1*67.  From  Frankun,  N.  J. 

Stokesite.  —  Perhaps  H4CaSnSi|0ii.  Orthorhombic.  Prismatic  cleavage.  H.  =  0. 
G.  a  3*2.    Colorless,    fi  »  I'dl.     From  Rosconmion  Cliff,  St.  Just,  Comvrall. 

Carpholite.  H4MnAl|SisOio.  In  radiated  and  stellated  tufts.  G.  »  2'935.  Co!,  r 
straw-  to  wax-yellow.  Biaxial,  — .  ^  =  1*63.  Occurs  at  the  tin  mines  of  Schlaggenwaid, 
Bohemia;  Wippra,  in  the  Harz  Mts.,  on  quartz,  etc. 

Lawsonite.  H4CaAlsSi20io.  In  prismatic  orthorhombic  crystals;  mm'",  110  A  tT>< 
=«  67®  16'.  G.  =  3*09.  Luster  vitreous  to  ereasy.  Colorless,  pale  blue  to  gravish  blur. 
Opticallv  +.  /3  =•  1-669.  Occurs  in  cr3r8tailine  schists  of  the  Tibum  peninsula.  Mane 
Co.,  Cal.;  also  in  -the  schists  of  Pontgibaud,  France,  and  New  Cid^oma. 

Hibschite.  Same  as  for  lawsonitCj  fiUCaAlsSisOio.  In  minute  isometric  crvstals,  usimliy 
octahedrons.  H.  =»  6.  G.  =  3*0.  Colorless  or  pale  yellow.  Refractive  index,  1-67.  In- 
fusible.   From  the  phonolite  of  Marienberg,  Bohemia.    Associated  with  melanite. 

Cerite.  A  silicate  of  the  cerium  metals  chieflv,  with  water.  Crystals  rare;  commonly 
massive;  granular.  H.  =  5*5.  G.  =  4*86.  Color  between  clove-brown  and  cherrA'-rc^i 
to  gray.    Indices,  1  "83-1 '93.    Occurs  at  Bastn&s,  near  Riddarhyttan,  Sweden. 

Toemebohmite.  A  silicate  of  the  cerium  metals,  chiefly,  Ri(OH)(Si04)2.  Monoclinic? 
Color,  green  to  olive.  /3  =  1'81.  Biaxial,  -f.  Strong  dispersion,  p  <  v.  Pleochroic,  rose 
to  blue-green.     From  Bastnfis,  near  Riddarhyttan,  Sweden. 

Beckelite.  Ca«(Ce,La,Di)4Si40u.  Isometric?  Cry'stals  small,  often  microscopic.  Cubio 
cleavage.  H.  =  5.  G.  =  4'1.  Color  yellow.  Infusible.  Occurs  with  nepheline  s^'enite 
rocks  near  Mariupol,  Russia. 

Hellandite.  A  basic  silicate  chiefly  of  the  cerium  metals,  aluminium,  manganese  and 
calcium.  Monoclinie.  Prismatic  habit.  H.  =  5*5.  G.  =  37.  Color  brown.  Fusible. 
Found  in  pegmatite  near  Kragerd,  Norway. 

Bazzite.  A  silicate  of  scandium  with  other  rare  earth  metals,  iron  and  a  little  soda. 
Hexagonal.  In  minute  prisms,  often  barrel  shaped.  H.  =  6*5.  G.  =  2*8.  Color  aziire- 
blue.  Transparent  in  small  individuals.  Optically  — .  Refractive  indices,  <a  «  1-626. 
e  =  1*606.  Strongly  dichroic,  ta  =  pale  greenish  yellow,  c  «  azure-blue.  Infusible.  In- 
soluble in  ordinary  acids.    Found  at  Baveno,  Italy. 

Anqaralite.  2(Ca,Mg)0.5(Al,Fe)2Oi.6SiO2.  In  thin  tabular  hexagonal(?)  crystals. 
G.  =  2*62.  Color  black  from  carbonaceous  impurities.  Uniaxial,  -f .  In  contact  zone  of 
limestone,  southern  part  of  Yenisei  District,  Siberia. 


TOURMALINE. 

Rhombohedral-hemimorphic.     Axis  c  =  0*4477. 

cr,  0001  A  lOTl  =  27**  20'.      rr\   lOll  A  TlOl  =  46°  52'.      uu\  3251  A  552l  =  66**   V. 
CO,  0001  A  0221  =  45^  57'.      oo\  022l  A  2021  =  77^*    0'.      uvy,  325l  A  532l  =42''  36'. 


Crystals  usually  prismatic  in  habit,  often  slender  to  acicular;    rarely 
flattened,  the  prism  nearly  wanting.     Prismatic  faces  strongly  striated  vei> 


tically,  and  the  crystala  hence  often  much  rounded  to  barrel-«haped. 
cross-section  of  the  prism  three-sided  (m,  Fy;,  921),  six- 
sided  (a),  or  nine-sided  (m  and  a).  Crystals  commonly 
hemimorphic.  Sometimes  isolated,  but  more  com- 
monly in  parallel  or  radiating  groups.  Sometimes  mas- 
sive compact;  also  coliunnar,  coarse  or  fine,  parallel 
or  divergent. 

Cleavage:  fl(ll20),  r  (1011)  difficult.  Fracturesub- 
conchoidal  to  uneven.  Brittle  and  often  rather  friable. 
H.  =  7-7-5.  G.  =  2-98-320.  Luster  vitreous  to  res- 
inous. Color  black,  brownish  black,  bluish  black, 
most  common;  blue,  green,  red,  and  sometimes  of  rich 
shades;  rarely  white  or  colorless;  some  specimens  red  internally  and  green 
externally;  and  others  red  at  one  extremity,  and  green,  blue  or  black  at 
the  other;  the  zonal  arrangement  of  different  colore  widely  various  both  as 
to  the  colors  and  to  crystallographic  directions.  Streak  uncolored.  Trans- 
parent to  opaque. 

Strongly  dichroic,  especially  in  deep-colored  varieties;  axial  colors  varying 
widely.  Absorption  for  w  much  stronger  than  for  e,  thus  sections  1 1  c  axis  trans- 
mit sensibly  the  extraordinary  ray  only,  and  hence  their  use  (e.g.,  in  the  tour- 
maline tongs  (p.  243) )  for  giving  polarized  light.  Exhibits  idiophanous  figures 
(p.  288).  Optically  — .  Birefringence  rather  high,  ta  —  «  =  002.  Indices: 
oiy  =  1-6366,  e,  =  1-6193  colorless  varieti';    i*  =  1-6435,  tr  =  1-6222  blue- 
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green.    Sometimes  abnormally  biaxial.    Becomes  electric  by  friction;    also 

strongly  pyroelectric. 

Var.  —  Ordinary.  In  cr^tals  as  above  described;  black  much  the  most  oommon. 
(a)  Rubellite;  the  red,  sometimes  transparent;  the  Siberian  is  mostly  violet-red  {siberiU \ 
the  Brasilian  rose-red;  that  of  Chestarndd  and  Goshen,  Mass.,  pale  rose-red  and  opaoue: 
that  of  Paris,  Me.,  fine  ruby-red  and  transparent.  (6)  IndicdUe,  or  indigolite;  the  blue. 
either  pale  or  bluish  black;  named  from  the  indigo-blue  color,  (c)  BrazUian  Scm^ire  \'m 
jewelry);  Berlin-blue  and  transparent,  (d)  Brtuilian  Emeraldj  CkrysolUe  {or .Peridot)  oj 
Brazil;  green  and  transparent,  (e)  Peridot  of  Ceylon;  honev-yellow.  (f)  AckroUe;  color- 
less tourmaline,  from  Elba,  (jg)  Aphrizite;  black  tourmaline,  from  Kragero,  Norway. 
(A)  Columnar  and  black:  coarse  colunmar.  Resembles  somewhat  common  hornblende, 
but  has  a  more  resinous  fracture,  and  is  without  distinct  cleavage  or  anjrthing  like  a  fibrous 
appearance  in  the  texture;  it  often  has  the  appearance  on  a  broken  surface  ofsome  kinds  l4 
soft  coal. 

Comp.  —  A  complex  silicate  of  boron  and  aluminium,  with  also  either 

magnesium,  iron  or  the  alkali  metals  prominent.    A  general  formula  may  be 

written  as  H»AIa(B.OH)sSi40i9  (Penfield  and  Foote)  in  which  the  hyrogen 

may  be  replaced  by  the  alkalies  and  also  the  bivalent  elements,  Mg,Fe,Ca. 

Fluorine  is  commonly  present  in  small  amounts. 

The  varieties  based  upon  composition  fall  into  three  prominent  groups,  between  which 
there  are  many  gradations: 

1.  Alkau  Tourmaunb.  Contains  sodium  or  lithium,  or  both;  also  potassxum. 
G.  s  3*0-3*1.    Color  red  to  green;  also  colorless.    From  pegmatites. 

2.  Iron  Tourmaline.  G.  »  3*1-3*2.  Color  usually  deep  black.  Accessory  mineral 
in  siliceous  igneous  rocks  and  in  mica  schists,  etc. 

3.  Magnesixtm  Tourmaline.  G.  «  3'0-3'09.  Usually  ydlow4»rown  to  brownish 
black;  also  colorless.    From  limestone  or  dolomite. 

A  chromium  tourmaline  also  occurs.    G.  =»  3*120.    Color  dark  green. 

Pyr.y  etc.  —  The  magnesia  varieties  fuse  rather  easily  to  a  white  blebby  glass  or  slag: 
the  iron-magnesia  varieties  fuse  with  a  strong  heat  to  a  blebby  slag  or  enamel;  the  iron 
varieties  fuse  with  difficulty,  or,  in  some,  only  on  the  edges;  the  iron-magnesia-Uthis 
varieties  fuse  on  the  edges,  and  often  with  great  difficulty,  and  some  are  infusible;  the  lithia 
varieties  are  infusible.  With  the  fluxes  manv  varieties  give  reactions  for  iron  and  man- 
ganese. Fused  with  a  mixture  of  potassiimi  bisulphate  and  fluor-spar  gives  a  distinct  re- 
action for  boric  acid.  Not  decomposed  by  acids.  Crystals,  especially  of  the  lighter  colorc-d 
varieties,  show  stronf^  pyroelectricity. 

Diff .  -^  Characterised  by  its  crystallisation,  prismatic  forms  usual,  which  are  three-, 
six-,  or  nine-sided,  and  often  with  rhombohedral  terminations;  massive  forms  with  colum- 
nar structure;  also  by  absence  of  cleavage  (unlike  amphibole  and  epidote);  in  the  common 
black  kinds  bv  the  coal-like  fracture;  by  hardness;  by  difficult  fusibihty  (common  kinds:, 
compared  witn  garnet  and  vesuvianite.    The  boron  test  is  conclusive. 

Mioo.  —  Ruulily  distinguished  in  thin  sections  by  its  somewhat  high  relief;  rather 
strong  interference-colors;  negative  uniaxial  character;  decided  colors  in  ordinary  light  in 
which  basal  sections  often  exhibit  a  lonal  structure.  Also,  especially,  by  its  remarkable 
absorption  when  the  direction  of  cr3rsta]  elongation  is  X  to  the  vibration-plane  of  the  lower 
niool;  this  with  its  lack  of  cleavage  distinguishes  it  from  biotite  and  amphibole,  which  alone 
among  rock-making  minerals  show  simQar  strong  absorption. 

Obs.  —  Conmionly  found  in  granite  and  ipeisses  as  a  result  of  fumarole  action  or  of 
mineralising  gases  in  the  fluid  magma,  especially  in  the  pegmatite  veins  associated  with 
such  rocks;  at  the  periphery  of  such  masses  or  in  the  schists,  or  altered  limestones,  gneisses, 
etc.,  immediately  adjoming  them.  It  marks  especially  the  boundaries  of  granitic  masses, 
and  its  associate  nunerals  are  those  characteristic  of  such  occurrences;  quarts,  albite. 
microdine,  musoovite,  etc.  The  variety  in  granular  limestone  or  dolomite  is  commonly 
brown;  the  bluish-black  variety  sometimes  associated  with  tin  ores;  the  brown  with 
titanium;  the  Uthium  variety  is  often  associated  with  lepidolite.  Red  or  green  varieties. 
or  both,  occur  near  Ekaterinburg  in  the  Ural  Mts.;  Elba;  Campolongo  in  Tessin,  Switzer- 
land; Penig,  Saxony;  also  the  province  Minas  Geraes.  Brasil;  yellow  and  brown  from 
Ceylon;  dark  brown  varieties  from  Eibenstock,  Saxony;  the  Zillertal.  Tyrol,  Austria; 
black  from  Arendal,  Norway;  Snarum  and  Kragero,  Norway;  pale  yellowish  brown  at 
Windisch  Kappel  in  Carinthia;  fin?  black  crystals  occur  in  dkmiwidl  at  different  localities. 
Variously  colored  from  Madagascar. 
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In  the  United  States,  in  Me.  at  Paris  and  Hebron,  magnificent  red  and  green  tourmalines 
with  lepidolite,  etc.;  also  blue  and  pink  varieties;  and  at  Norway;  pink  at  Rumford,  em- 
bedded in  lepidolite;  at  Auburn  in  clear  crystals  of  a  delicate  pink  or  lilac  with  lepidolite, 
etc.:  at  Albany,  green  and  black.  In  Mass.^  at  Chesterfiela.  red,  green,  and  blue;  at 
Gosnen,  blue  ana  green;  at  Norwich,  New  Bramtree  and  Carlisle,  good  black  crystals.  In 
N.  H.,  Grafton,  Acworth;  at  Orford,  brownish  black  in  steatite.  In  Conn.,  at  Monroe, 
dark  brown  in  mica-slate;  at  Haddam,  black  in  mica  slate;  also  fine  pink  and  green;  at 
New  Milford,  black.  In  N.  Y.,  near  Gouverneur,  brown  crystals,  with  tremolite,  etc., 
in  granular  limestone;  black  near  Port  Henry,  Essex  Co.;  near  Edenville;  splendid  black 
cnrstals  at  Pierrepont,  St.  Lawrence  Co.;  colorless  and  glassy  at  De  Kalb;  dark  brown  at 
McComb.  In  N.  J.,  at  Hamburg  and  Newton,  black  and  brown  crystals  in  limestone, 
with  spihel;  also  grass-green  crystals  in  crystalline  limestone  near  Franklin  Furnace.  In 
•Pa.,  at  Newlin,  Chester  Co.;  near  Union ville,  yellow;  at  Chester,  fine  black:  Middle- 
to?m,  black;  Marple,  green  in  talc;  near  New  Hope  on  the  Delaware,  large  black  crystids. 
A  chrome  variety  from  the  chromite  beds  in  Mont^merv  Co.,  Md.  In  N.  C,  Alexander 
Co.,  in  fine  black  crystals  with  emerald  and  hiddemte.  In  Cai.,  fine  groups  of  rubeUite  in 
lepidolite  from  Mesa  Grande,  Pala,  etc.  in  San  Diego  Co. 

In  Canada,  in  the  province  of  Quebec,  vellow  crystals  in  Umestone  at  Calumet  Falls, 
Litchfidd,  Pontiac  Co.;  at  Hunterstown;  fine  brown  ciystals  at  Clarendon,  Pontiac  Co.; 
black  at  Grenville  and  Argenteuil,  Argenteuil  Co.  In  Ontario,  in  fine  crystals  at  North 
Burgess,  Lanark  Co. ;  Galway  and  Stoney  Lake  in  Dummer,  Peterborou^  Co. 

The  name  turmalin  from  Turamali  in  Cin^ese  (applied  to  zircon  by  jewelers  of  Cey- 
lon) was  introduced  into  Holland  in  1703,  with  a  lot  of  ^ems  from  Ceylon. 

Use.  —  The  variously  colored  and  transparent  varieties  are  used  as  gem  stones;  see 
under  "Var."  above. 

Dtunortierite.  A  basic  aluminium  borosilicate,  perhaps  8AlsO8.B3Os.6SiO1.Hsp  (Schaller) . 
The  water  and  boric  oxide  have  been  considered  as  vanable  in  amount  and  basic  in  charac- 
ter with  the  general  formula^  (A10)i6Ali(Si04)7  (Ford). 

Orthorhombic.  Prismatic  ande  approximately  60^.  Usually  in  fibrous  to  columnar 
aggregates.  Cleavage:  a  (100),  distinct;  also  prismatic,  imp^ect.  H.  »  7.  G.  «  3*26- 
3'36.  Luster  vitreous.  Color  bright  smalt-blue  to  greeman  blue.  Transparent  to  trans- 
lucent. Pleochroism  very  strong:  X  deep-blue  or  nearly  colorless,  Y  yellow  to  red-violet 
or  nearly  colorless,  Z  colorless  or  pistachio-green.  Exhibits  idiophanous  figures,  analogous 
to  andalusite.  Optically  -.  Ax.  pi.  ||  h  (010).  Bx  ±  c  (001).  a  «  1*678.  fi  =  1-686. 
y  «  1-689. 

Recognized  in  thin  section  by  its  rather  high  relief;  low  interference-colors  Oike  those 
of  quartz);  occurrence  in  slender  prisms,  needl^  or  fibers,  with  negative  optical  extension; 
parallel  extinction*  biaxial  character  and 'especially  by  its  remarkable  pleochroism. 

Found  embedded  in  feldspar  in  blocks  of  gneiss  at  Chaponost,  near  Lyons,  France; 
from  Wolfshau.  near  Schmiedeberg,  Silesia;  in  the  iolite  of  the  gneiss  of  Tvedestrand, 
Norwajr;  Rio  ae  Janeiro,  Brazil.  In  the  United  States,  it  occurs  near  Harlem,  New  York 
Island,  in  the  pegmatoid  portion  of  a  biotite-gneiss;  in  a  quartzose  rock  at  CUp,  Yuma  Co., 
Arizona; 'from  San  Diego  Co.,  Cal.;  Woodstock,  Wash. 


STAUROLITE.    Staurotide. 
Orthorhombic.     Axes  a  :  6  :  c  =  0*4734 
110  A  iTO  =   50M0'. 


rr\ 


922 


101  A  101  =  110^  32'. 


928 


1  : 0-6828. 

or,    001  A  101  =  65*  16'. 
mr,  110  A  101  =  42**    2'. 

924 


m 


m 


Twins  cruciform:   tw.  pi.  z  (032),  the  crystals  crossing  nearly  at  right 
angles;  tw.  pi.  z  (232),  crossing  at  an  angle  of  60^  approximately;  tw.  pi. 
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y  (230)  rare,  also  in  repeated  twins  (cf.  Figs.  397,  p.  164;  439,  440,  441,  p.  170j. 
Crystals  commonly  prismatic  and  flattened  1 1  b  axis;  often  with  rough  surfaces. 
Cleavage:  b  (010)  distinct,  but  interrupted;  m  (110)  in  traces.  Fracture 
suboonchoidal.  Brittle.  H.  =  7-7*5.  G.  =  3-65-377.  Subvitreous,  inclin- 
ing to  resinous.  Color  dark  reddish  brown  to  brownish  black,  and  yellowish 
brown.    Streak  uncolored  to  grayish.    Translucent  to  nearly  or  quite  opaque. 

Pleochroism  distinct:  Z  (=  caxis)  hyacinth-red 
to  blood-red,  X,  Y  yellowish  red;  or  Z  gold-yellow, 
X,  Y  Ught  yellow  to  colorless.  Optically  +.  Ax. 
pi.  II  a  (100).  Bx  ±  c  (001).  2V  =  88°  (ap- 
prox.).     a  ==  1-736.    /S  =  1741.    y  =  1  746. 

Comp.  —  HFeAlsSijOw,  which  may  be  writ- 
ten (A10)4(A10H)Fe(Si04)2  or  H20.2Fe0.5Al,Q3. 
4Si02  =  Silica  26*3,  alumina  55*9,  iron  protoxide 
15*8,  water  2*0  =  100.  Magnesium  (also  man- 
ganese) replaces  a  little  of  the  ferrous  iron;  ferric 
iron  part  of  the  aluminium. 

Nordmarkite  from  Nordmark,  Sweden,  contaiiis  man- 
ganese in  large  amounts. 

Pjrr.,  etc.  —  B.B.  infusible,  excepting  the  man^anesian 
variety,  which  fuses  easily  to  a  black  magnetic  glass. 
With  the  fluxes  gives  reactions  for  iron,  and  sometimes 
for  manganese.    Imperfectly  decomposed  by  sulphuric  acid. 
Diff.  —  Characterized  by  the  obtuse  prism  (unlike  andalusite,  which  is  nearly  square) : 
by  the  frequency  of  twinning  forms;  by  hardness  and  infusibility. 

Micro.  —  Under  the  microscope,  sections  show  a  decided  color  (yellow  to  red  or  brown) 
and  strong  pleochroism  (vellow  and  red);  also  characterized  by  strong  refraction  (high 
relief),  rather  bright  interference-colors,  parallel  extinction  and  biaxial  character  (generally 
positive  in  the  direction  of  elongation).  Easily  distinguished  from  rutile  (p.  427)  by  its 
biaxial  character  and  lower  interference-colors. 

Obs.  —  Usually  found  in  crystalline  schists,  as  mica  schist,  argillaceous  schist,  and 
gneiss,  as  a  result  of  regional  or  contact  metamorphism;  often  associated  with  garnet,  silli- 
manite^  cyanite,  and  tourmaline.  Sometimes  encloses  symmetrically  arranged  carbon- 
aceous impurities  like  andalusite  (p.  524) .  Other  impurities  are  also  often  present,  especially 
silica,  sometimes  up  to  30  to  40  p.  c;  also  garnet,  mica,  and  perhaps  magnetite,  brookite. 
Occurs  with  cyanite  in  paragonite  schist,  at  Mt.  Campione,  Switzerland;  in  the  Zillertai, 
Tyrol,  Austria;  Goldenstem  in  Moravia;  Aschaffenburg,  Bavaria;  in  large  twin  crystals  in 
the  mica  schists  of  Brittany  and  Scotland.    In  the  province  of  Mines  Geraes,  Brazil. 

Abundant  throughout  the  mica  schists  of  New  England.  In  Me.,  at  Windham.  In 
N.  H.,  brown  at  Franconia;  at  Lisbon;  on  the  shores  of  Mink  Pond,  loose  in  the  soil.  In 
Mass.,  at  Chesterfield,  in  fine  crystals.  In  Conn.,  at  Bolton,  Vernon,  etc.;  Southbury  with 
garnets;  at  Litchfield,  black  crystals.  In  N.  C,  near  Franklin^  Macon  Co.;  also  in  Madi- 
son and  Clay  counties.  In  Ga.,  in  Fannin  Co.,  loose  in  the  soil  in  fine  crystals.  In  large 
crystals  from  Ducktown,  Tenn. 
Named  from  aravpoSf  a  cross. 
Use.  —  Occasionally  a  transparent  stone  is  cut  for  a  gem. 

Komerupine.  Near  MgAlsSiOe.  In  fibrous  to  columnar  aggregates,  resembling  silli- 
manite.  H.  =  6*5.  G.  —  3273  komerupine;  3*341  prismatine.  Colorless  to  white,  or 
brown.    Biaxial,  -.    Indices.  1*669-1*682. 

Komerupine  occurs  at  FisKernSs  on  the  west  coast  of  Greenland.  Prismatine  is  from 
Waldheim,  Saxony.  Found  in  large,  clear  crystals  of  a  sea-green  color  and  gem  quality 
from  near  Betroka,  Madagascar. 

Sapphirine.  MgsAlisSiiOsr.  In  indistinct  tabular  crystals.  I^sually  in  disseminated 
grains,  or  ag^egations  of  grains.     H.  =  7*5.    G.  =  3*42-3*48.    Color  pale  to  dark  blue  or 

S*een.    Biaxial,  — .     Indices,    1*705-1*711.     Fi-om  Fiskemfis,    southwestern    Greeailand. 
ccurs  near  Betroka,  Madagascar.    From  St.  Urbain,  Quebec. 

Grandidierite.  A  basic  silicate  of  aluminium,  ferric  iron,  magnesium,  ferrous  iron,  etc. 
Orthorhombic.    In  elongated  crystals.    Two  cleavages.    G.  »  3*0.    Color  bluish  g^een. 
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0  =  1'64.    Strongly   pleochroic.    Found   in  pegmatite  at    Andrahomana   in   southern 
Madagascar. 

Serendibite.  10(Ca,Mg)O.5AlsOi.BsOi.6SiOs.  In  irregular  grains  showing  polysyn- 
thetic  twinning;  probably  monoclinic  or  triclinic.  H.  =  6*7.  G.  =  3*4.  (x)lor  blue. 
Pleochroism  marked.  Refractive  index,  1'7.  Infusible.  From  Gangapitiya  near  Am- 
bakotte,  Ceylon. 

Silicomagnesiofluoiite.  A  fluosilicate  of  calcium  and  magnesium,  perhaps,  H2Ca4Mgs 
SisOyFio.  Radiating  fibrous  in  spherical  forms.  H.  =  2*5.  G.  —  2*9.  Color  ash-gray, 
light  greenish  or  bluish.    Fusible.    From  Lupikko,  near  Pitkaranta,  Finland. 

Grothine.  A  silicate  of  c&lcium  with  aluminium  and  a  little  iron  of  uncertain  compo- 
sition. Orthorhombic.  In  small  tabular  crystals.  Colorless.  Transparent.  G.  =»  3*00. 
Optically  +•  Infusible.  Decomposed  by  sulphuric  acid.  Found  with  microsommile  on 
limestone  near  Nocera  and  Samo,  Campagna,  Italy. 

Aloisiite.  Luigite.  A  basic  silicate  containing  ferrous  oxide,  lime,  magnesia,  and 
soda.  Amorphous.  Color,  brown  to  violet.  Acts  as  a  cement  in  a  tun  found  at  Fort 
Portal,  Uganda. 

PocHiTE.  HisFegMniSitOn.  Amorphous.  H.  °>  3*5-4.  G.  »  3*70.  Color  reddish 
brown.    Opaque.    Found  in  iron  ore  near  Vares,  Bosnia. 
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Section  B.    Chiefly  Hydrous  Species 

The  Silicates  of  this  second  section  include  the  true  hydrous  compounds, 
that  is,  those  which  contain  water  of  crystallization,  like  the  zeolites;"  also  the 
hydrous  amorphous  species,  as  the  clays,  etc.  There  are  also  included  certain 
species  —  as  the  Micas,  Talc,  Kaolinite  —  which,  while  they  yield  water  upon 
ignition,  are  without  doubt  to  be  taken  as  acid  or  basic  metasiUcates,  orthosiU- 
cates,  etc.  Their  relation,  however,  is  so  close  to  other  true  hydrous  species 
that  it  appears  more  natural  to  include  them  here  than  to  have  placed  them 
in  the  preceding  chapter  with  other  acid  and  basic  salts.  Finally,  some 
species  are  referred  here  about  whose  chemical  constitution  and  the  part 
played  by  the  water  present  there  is  still  much  doubt.  The  divisions  recog- 
nized are  as  follows: 

I.  Zeolite  DiHrision 
!•   Introductory  Subdivision.    2*   Zeolites 

n.   Mica  Division 
1.   Mica  Group.    2.    Clintonite  Group.    S«    Chlorite  Group 

HI.   Serpentine  and  Talc  Division 

Chiefly  Silicates  of  Magnesium. 

IV.  Kaolin  Division 

Chiefly  Silicates  of  Aluminium;  for  the  most  part  belonging  to  the  group 
of  the  clays. 

V.  Concluding  Division 

Species  not  included  in  the  preceding  divisions;  chiefly  silicates  of  the 
heavy  metals,  iron,  mangsmese,  etc. 


i 
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I.  Zeolite  Division 

1.   Introductory  Subdivision 

Of  the  species  here  included,  several,  as  Apophyllite,  Okenite,  etc.,  while  not  strictly 
Zeolites,  are  closely  related  to  them  in  composition  and  method  of  occurrence.  Pectolite 
(p.  483)  and  I^ehnite  (p.  534)  are  also  sometimes  classed  here. 

Inesite.  Hi(Mn,Ca)6Si«Oi9.3HsO.  Crystab  small,  prismatic;  also  fibrous,  radiated  and 
spherulitic.  H.  —  6.  G.  =  3' 029.  Color  rose-  to  flesh-red.  Occurs  at  the  xnangane?^ 
mines  near  Dillenburg,  Germany.  RhodotUite  is  the  same  species  from  the  Harstig  mine, 
Pajsberg,  Sweden.    From  Jakobeberg  and  lAngban,  Sweden ;  Viila  Corona,  Durango,  Mexico. 

Hillebrandite.  CajSiOi.HaO.  Orthorhombicj  radiating  fibrous.  H.  =*  5'5.  G.=  2*7. 
Refractive  index  =  1*61.  Color  white.  Fusible  with  difficulty.  Found  in  contact  sone 
between  limestone  and  diorite  in  the  Velardefia  mining  district,  Mexico. 

Crestmoreite.  Probably  4HtCaSi04.3HiO.  Compact.  Color,  snow-white.  H.  ^^  3. 
G.  —  2*2.  fi  B  1*50.  An  alteration  product  of  WilkeUe.  From  Crestmore,  Riverside  Cct.. 
Cal. 

Riversideite.  2CaSiOi.HsO.  In  compact  fibrous  veinlets.  Silky  luster.  H.  ==  3. 
G.  =  2*64.     Indices,  1 '59-1 '60.    Easily  fusible.     From  Crestmore,  Riverside  Co.,  Cal. 

Ganophyllite.  7MnO.AlsOt.8SiOs.6HsO.  In  short  prismatic  crvstals;  also  foliat^d^ 
micaceous.  Color  brown.  H.  =  4-4*5.  G.  -  2*84.  Biaxial,  — .  Indices,  1*705-1 '730. 
From  the  Harstig  mine,  near  Pajsberg,  Sweden. 

Lotrite.  3(Ca,Mg)0.2(Al,Fe)sOi.4Si02.2HsO.  Massive,  in  an  aggregate  of  smaU 
grains  and  leaves.  One  cleavage.  H.  =  7*5.  G.=  3*2.  Color  green.  Refractive  index, 
1*67.    Found  in  small  veins  in  a  chlorite  schist  in  the  valley  of  the  Lotru,  Transylvania. 

.  Okenite.  HsCaSis06.HsO«  Commonly  fibrous;  also  compact.  H.  =  4*5-5.  G.  »  2*28- 
2*36.  Color  white,  with  a  shade  of  yellow  or  blue.  Biaxial,  — .  Index,  1*556.  Occurs  in 
basalt  or  related  eruptive  rocks;  as  in  the  Faroe  Islands;  Iceland;  Disko,  Niorkomat,  etc., 
Greenland;  Poona,  India.    From  Crestmore,  Riverside  Co.,  Cal. 

Gvrolite.  HsCasSiiO^.HsO.  Rhombohedral-tetartohedral.  In  white  concretions, 
lameliar-radiate  in  structure.  Optically  — .  «  «  1*56.  From  the  Isle  of  Skye,  with 
stilbite,  laumontite,  etc.;  in  India,  etc.  With  apophyllite  of  New  Almaden,  California; 
also  Nova  Scotia.  Found  also  at  various  places  in  Bohemia;  from  Scotland  and  the  Faroe 
Islands;  Sao  Paulo,  Brazil.  Reyerite  from  Greenland  is  similar  to  gyrolite.  ZeophyllUe  is 
a  similar  species  which  may  be  identical  with  gyrolite.  Rhombohedral.  In  spherical 
forms  with  radiating  foliated  structure.  Perfect  basal  cleavage.  H.  »  3.  G.  »  2*8. 
Color  white,     a  «  1*56.     From  various  localities  in  Bohemia  and  elsewhere. 


APOPHYLLITE. 

Tetragonal.    Axis  c  =  1*2515. 
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ay,  100  A  310  =  18**  26'. 
cp,  001  A  111  =  60**  32'. 


ap,    100  A  111  *  52'*  0'. 
pp',  111  Alll  =  76**  0'. 


Habit  varied;  in  square  prisms  (a  (100))  usually  short  and  terminated  by 
c  (001)  or  by  c  and  p  (111),  and  then  resembling  a  cube  or  cubo-octahedron; 
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also  acute  pyramidal  (p  (111))  with  or  without  c  and  a;  less  often  thin  tabu- 
lar II  c.  Faces  c  often  rough;  a  bright  but  vertically  striated;  p  more  or  less 
uneven.    Also  massive  and  lamellar;  rarely  concentric  radiated. 

Cleavage:  c  (001)  highly  perfect;  m  (110)  less  so.  Fracture  uneven. 
Brittle.  H.  =  4-5-5.  G.  =  2-3-2-4.  Luster  of  c  pearly;  of  other  faces 
vitreous.  Color  white,  or  grayish;  occasionally  with  a  greenish,  yellowish,  or 
rose-red  tint,  flesh-red.  Transparent;  rarely  nearly  opaque.  Birefringence 
low;  usually  +>  also  ^.  Often  shows  anomalous  optical  characters  (Art. 
429,  Fig.  617).    Indices,  1-535-1  537. 

Comp.  —  H7KCa4(Si08)8.4JH20  or  KjO.SCaO.lGSiOj.ieHjO  «  SiUca 
53*7,  lime  25*0,  potash  5-2,  water  161  =  100.  A  small  amount  of  fluorine 
replaces  part  of  the  oxygen. 

The  above  formula  differs  but  little  from  HsCaSisOt.HsO,  in  which  potassium  replaces 
part  of  the  basic  hydrogen.  The  form  often  accepted,  H2(Ca,K)Sis06.HsO,  corresponds 
less  wdl  with  the  azialyses. 

Pjrr.,  etc.  —  In  the  dosed  tube  exfoliates,  whitens,  and  yields  water,  which  reacts  acid. 
B.B.  enoliates,  colors  the  flame  violet  (potash),  and  fuses  to  a  white  vesicular  enamel. 
F.  »  1'5.    Decomposed  bv  hydrochloric  acid,  with  separation  of  slimy  silica. 

Diff.  —  Characterized  by  its  tetragonal  form,  the  square  prism  and  pyramid  the  com- 
mon habits;  by  the  perfect  basal  cleavage  and  p^uiy  luster  on  this  surface. 

Obs.  —  Occurs  commonly  as  a  secondary  mineral  in  basalt  and  related  rocks,  with 
various  zeolites,  also  datoUte,  pectolite,  calcite;  also  occasionally  in  cavities  in  granite, 
gneiss,  etc.  Grecsoland,  Icelana,  the  Faroe  Islands,  and  British  India,  especially  at  Poonah, 
afford  fine  specimens  of  apophyUite  in  amygdaloidal  basalt  or  diabase.  Occurs  also  at 
Andreasberg,  Harz  Mts.,  German5r,  of  a  deGcate  pink;  Radautal  in  the  Harz  Mts.;  at 
Orawitza,  Hungary,  with  woUastonite;  UtOj  Sweden;  on  the  Seisser  Alp  in  Tyrol,  Austria; 
Guanajuato,  Mexico,  often  of  a  beauuful  pink  upon  amethyst. 

In  the  United  States,  large  crystals  occur  at  Bergen  Hill,  Paterson,  West  Paterson, 
and  Great  Notch,  N.  J.;  in  Pa.,  at  the  French  Creek  mines,  Chester  Co.;  at  the  Cliff, 
Phcenix  and  other  mines.  Lake  Superior  region;  Table  Mt.  near  Golden,  Col.;  in  Cal., 
at  the  mercury  mines  ot  New  Almaden  often  stained  brown  by  bitumen;  also  from  Nova 
Scotia  at  Cape  Blomidon.  and  other  points. 

Named  by  Hatiy  in  allusion  to  its  tendency  to  exfoliate  under  the  blowpipe,  from  airh 
and  ^vKKaify  a  leaf.  Its  whitish  pearly  aspect,  resembling  the  eye  of  a  fish  after  boiling,  gave 
rise  to  the  earlier  name  IchlkyophthalmiUf  from  ixOvSf  fishj  o^ak/ioif  eye. 

2.  Zeolites 

The  ZEOLrrES  form  a  family  of  well-defined  hydrous  siUcates,  closely  re- 
lated to  each  other  in  composition,  in  conditions  of  formation,  and  hence  in 
mode  of  occurrence.  They  are  often  with  right  spoken  of  as  analogous  to 
the  Feldspars,  like  which  they  are  all  silicates  of  aluminium  with  sodium  and 
calcium  chiefly,  also  rarely  barium  and  strontium;  magnesium,  iron,  etc.,  are 
absent  or  present  only  through  impimty  or  alteration.  Further,  the  com- 
position in  a  number  of  cases  corresponds  to  that  of  a  hydrated  feldspar;  while 
fusion  and  slow  recrystalhzation  result  in  the  formation  from  some  of  them  of 
anorthite  (CaAl2Si208)  or  a  calcium-albite  (CaAljSiaOw)  as  shown  by  Doelter. 
The  Zeolites  do  not,  however,  form  a  single  group  of  species  related  in  crystal- 
lization, like  the  Feldspars,  but  include  a  number  of  independent  groups 
widely  diverse  in  form  and  distinct  in  composition;  chief  among  these  are 
the  monoclinic  Phillipsitb  Group;  the  rhombohedral  Chabazfte  Group, 
and  the  orthorhombic  (and  monoclinic)  Natrolite  Group.  A  transition  in 
composition  between  certain  end  compounds  has  been  more  or  less  well- 
established  in  certain  cases,  but,  imlike  the  Feldspars,  with  these  species  cal- 
cium and  sodium  seem  to  replace  one  another  and  an  increase  in  alkaU  does  not 
necessarily  go  with  an  increase  in  silica. 
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Like  other  hydrous  silicates  they  are  characterized  by  inferior  hardness, 
chiefly  from  3*5  to  5*5,  and  the  specific  gravity  is  also  lower  than  with  corre- 
sponding anhydrous  species,  chiefly  2  *0  to  2  *4.  Corresponding  to  these  charac- 
ters; they  are  rather  readily  decomposed  by  acids,  many  of  them'  with  gela- 
tinization.  The  intumescence  B.B.,  which  gives  the  name  to  the  family  (from 
fctir,  to  boil,  and  >uBo%,  stone)  is  characteristic  of  a  large  part  of  the  species. 

The  Zeolites  are  all  secondary  minerals,  occurring  most  conmionly  in 
cavities  and  veins  in  basic  igneous  rocks,  as  basalt,  cUabase,  etc.;  less  fre- 
quently in  granite,  gneiss,,  etc.  In  these  cases  the  lime  and  the  soda  in  part 
have  been  chiefly  yielded  by  the  feldspar;  the  soda  also  by  elseolite,  sodalite, 
etc. ;  potash  by  leucite,  etc.  The  different  species  of  the  family  are  often  asso- 
ciated together;  also  with  pectolite  and  apophyllite  (sometimes  included  with 
the  zeolites),  datolite,  prelmite  and,  further,  calcite.  Many  of  the  zeolites 
have  been  produced  S3mthetically  by  various  hydrochemical  reactions.  In 
general  they  appear  to  have  been  formed  in  nature  by  reactions  upon  the  feld- 
spar or  feldspathoid  minerals. 


Ptilolite.  RAliSiii^i4.5HsO.  Here  R  »  Ca  :  K*  :  Nat  »  6  :  2  :  1  approx.  In  Bhort 
capillary  needles,  aggregated  in  delicate  tufts.  Colorless,  white.  Biaxial,  +.  Indices, 
1*480-1 '485.  Occurs  upon  a  bluish  chalcedony  in  cavities  in  a  vesicular  augite-andesite 
found  in  fragments  in  the  consdomerate  beds  of  Green  and  Table  mountains,  Jefferson  Co., 
and  from  Silver  Cliff,  Custer  Co.,  Col.,  also  from  Elba  and  Iceland. 

Mordenite.  .  3RAlsSii(Os4.20HsO,  where  R  »  Ks  :  Nat  :  Ca  «  1  :  1  :  1.  In  minute 
crystals  resembling  heulandite  in  habit  and  angles;  also  in  small  hemispherical  or  reniform 
concretions  with  fibrous  structure.  H.  «  3Hl.  G.  »  2*15.  Color  white,  yellowish  or 
pinkish.  Occurs  near  Morden,  Kind's  Co.,  Nova  Scotia,  in  trap;  also  in  western  Wyoming 
near  Hoodoo  Mt.,  on  the  ridge  formmg  the  divide  between  Clark's  Fork  and  the  East  Fork 
of  the  Yellowstone  river.    Abo  from  Seiseralpe,  Tyrol,  Austria  and  the  Faroe  Islands. 


HBULANDITE.    Stilbite  9ome  aiUhors. 

Monoclinic.    Axes  a:b:c  =  0*4035  :  1  :  04293;  /5  =  88^  34i'. 

mm''\  110  A  ITO  =  43**  56'.  C8,  001  A  201  -  66*    O'. 

ct,         001  A  201  «  es**  40'.  ex,  001  A  021  =  40*  38i'. 

Crystals  sometimes  flattened  1 1  b  (010),  the  surface  of  pearly 
luster  (Fig.  930;  also  Fig.  21,  p.  12);  form  often  suggestive  of 
the  orthorhombic  system,  since  the  angles  cs  and  ct  differ  but 
little.    Also  in  globular  forms;  granular. 

Cleavage:  b  (010)  perfect.  Fracture  subconchoidal  to  un- 
even. Brittle.  H.  =  3-5-4.  G.  =  218-2-22.  Luster  of  6 
strong  p)early;  of  other  faces  vitreous.  Color  various  shades 
of  white,  passing  into  red,  gray  and  brown.  Streak  white. 
Transparent  to  subtranslucent.  Optically  +.  Ax.  pi.  and 
Bxft  ±  b  (010).    Ax.  pi.  and  Bx©  for  some  localities  nearly  ||  c 

(001);   also  for  others  nearly  ±  c  in  white  light.     Bx©  A  c  axis  =  +  57^°. 

Axial   angle    variable,  from  O""  to  92'';     usually    2Er  =  52''.      a  =  1498. 

fi  =  1-499.     y  =  1-505. 

Comp.  —  H4CaAl2(SiO,)6.3H20  or  5H20.CaO.Al,03.6Si02  =  SiUca 592, 

alumina  16*8,  lime  9*2,  water  14*8  =  100. 

Strontia  is  usually  present,  sometimes  up  to  3*6  p.  c 
Pyr.  —  As  with  stilbite,  p.  551. 
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Obs.  —  Heulandlte  occurs  principally  in  basaltic  rocks,  associated  with  chabazite,  stil- 
bite  and  other  zeolites;  also  in  gneiss^  and  occasionaUv  in  metalliferous  veins. 

The  finest  specimens  of  this  species  come  from  Berufiord,  and  elsewhere  in  Iceland; 
the  Faroe  Islands;  in  British  India,  near  Bombay:  also  in  railroad  cuttings  in  the  Bhor 
and  Thul  Ghdts.  Also  occurs  in  tne  Kilpatrick  Hills,  near  Glasgow;  on  the  Island  of 
Skye;  Fassatal,  Tyrol,  Austria;  Andreasbarg,  Harz  Mts.,  Germany;  Viesch  and  elsewhere, 
Switzerland. 

In  the  United  States,  in  diabase  at  Bergen  Hill,  West  Paterson  and  Great  Notch,  N.  J.; 
on  north  shore  of  Lake  Superior;  with  haydenite  at  Jones's  Falls  near  Baltimore  (beau- 
tnontite)y  Md.    At  Peter's  Point,  Nova  Scotia:  also  at  Cape  Blomidon,  and  other  points. 

Named  after  the  English  mineralogical  collector,  H.  Heuland,  whose  cabinet  was  the 
basis  of  the  classical  work  (1837)  of  lAvy. 

Brewsterite.  H4(Sr,Ba,Ca)Ali(SiOa)e.3HjO.  In  prismatic  crystals.  H.  =5.  G.  =  2'45. 
Color  white,  inclining  to  yellow  and  gF&y.  Biaxial -}-.  Index,  1'45.  lYom  Strontiao 
in  Argyleshire,  Scotland;  near  Freiburg  in  Breisgau,  Germany. 

Eptstflbite.  Probably  like  heulandite,  H4CaAlt(SiO|)6.3H20.  Crystals  monoclinic, 
imiformly  twins;  habit  prismatic.  In  radiated  spherical  ago'egations:  also  ^nular. 
G.  =  2*25.  Color  white.  Biaxial,—.  Indices,  1*502-1 '512.  Occurs  witn  scolecite  at  the 
Berufiord,  Iceland;  the  Faroe  Islands j  Poona,  India;  in  small  reddish  crystals,  at  Mar- 
garet viUe,  Nova  Scotia,  etc.    Reissite  is  from  Santorin  Island. 


WeUsite 
Phillipsite 
Hannotome 
Stilbite 


Phillipsite  Group.     MoDoclinic 

fl  r  &  *  c 
(Ba,Ca,K2)Al2Si,Oio.3H,0       0-768    :  1  ':  1-245 
(K2,Ca)Al2Si40i2.4iH20  0-7095  :  1  :  1-2563 

(K2,Ba)Al2Si60i4.5H20  0-7032  :  1  :  1-2310 

(Na2,Ca)Al2Si«0,«.6H20  0-7623  :  1  :  1-1940 


53°  27' 


55° 
55° 
50° 


37' 
10' 
50' 
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The  above  sp)ecie8,  while  crystallizing  in  the  monoclinic  system,  are  remark- 
able for  the  pseudo-sjrmmetry  exhibited  by  their  twinned  forms.  Certain  of 
these  twins  are  pseudo^-orthorhombic,  others  pseudo-tetragonal  and  more  com- 
plex twins  even  pseudo-isometric. 

Fresenius  has  shown  that  the  species  of  this  group  may  be  regarded  as  forming  a  series, 
in  which  the  ratio  of  RO  :  AlsOs  is  constant  {-  1  :  1),  and  that  of  SiOt  :  HtO  also  chiefly 
1:1.    The  end  compounds  assumed  by  him  are: 

RAliSieOie.6H,0 ;  I^Al4Si40w.6H,0. 

Here  R  =  Ca  chiefly,  in  phillipsite  and  stilbite,  Ba  in  harmotome,  while  in  wellsite  Ba, 
Ca,  and  Ks  are  present;  idso  in  smaller  amounts  Na^,  Sra.  The  flret  of  the  above  compounds 
may  be  reoard^  as  a  hydrated  calcium  albite, 
the  second  as  a  hydrated  anorthite.  Pratt 
and  Foote,  however,  show  that  the  anorthite 
end  compound  more  probably  has  the  for- 
mula RA^i20g.2HsO  (or  this  doubled) .  The 
formulas  given  beyond  are  those  correspond- 
ing to  r^able  analyses  of  certain  typical 
occurrences. 

Wellsite.  RAlaSiAo-SH^O  with  R  «  Ca  : 
Ba  :  Ks  =  3  :  1  :  3;  Sr  and  Na  also  present 
in  small  amount.  Percentage  composition: 
SiO,  42-9,  AUOa  24'3,  Ba06'6,  CaO  IS,  KjO 
6*  1,  HjO  12*8  =  100.  Monoclinic  (axes  above) ; 
in   complex    twins,  analogous  to   those   of 

Shillipsite  and  harmotome  (Figs.  931,  932). 
Irittle.    No  cleavage.    H.  =  4-4-5.    G.  =  2'278-2-366.    Luster  vitreous.     Colorless  to 
white.    Optically  +.    Bx  _L  6  (010).    Birefringence  weak. 

Occurs  at  the  Buck  Creek  (CuUakanee)  conmdum  mine  in  Clay  Co.,  N.  C;  in  isolated 
crystals  attached  to  feldspar,  also  to  hornblende  and  corundum;  intimately  associated  with 
chabasite.    Also  foimd  at  Kurzy  near  Simferopol,  Crimea,  Russia. 
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PTTn.T.TPRTTR. 

Monoclinic.     Axes  o  :  6  :  c  =  07095  :  1  :  1-2563;  /3  =  55°  37'. 
mm'",  no  A  ITO  -  60"  42'.  em,  001  A  110  =  60°  SO". 

of,         100  A  lOl  =-  34°  23'.  ee\  Oil  A  Oil  -  93°    4'. 

939  CryataU  uniformly  penetration-twins,  but  often 

simulating  orthorhombiu  or  tetragonal  forms.     Twins 
sometimes,  but  rarely,  simple  (1)  with  tw.  pi.  c  (001),. 
and  tben  cruciform  so  that  diagonal  parts  on  b  (010) 
belong  together,  hence   a   fourfold  striation,  [|  edge 
b/m,  may  be  often  observed  on  b.     (2)  Double  twins, 
the  simple  twins  just  noted  united  with  e  (Oil)    as 
tw.  pi.,    and,   since  ee'  varies  but  little  from   90°, 
the    result    is     a    nearly   square  prism,  terminated 
by  what  appear  to  be  pyramidal  faces  each  with  a 
double  series  of  etriations  away  from  the  medial  line- 
See   Figs.   452-454,   p.  172;    also   Fig.  400,  p.  164. 
Faces  b  (010)  often  finely    striated  as  just  noted,   but  etriations  sometimes 
absent   and  in  general  not  so  distinct   as  with  harmotome;   also  m  (110) 
striated  ]|  edge  b/m.    Crystals  either  isolated,  or  grouped  in  tufts  or  spheres, 
radiated  within  and  bristled  with  angles  at  surface. 

Cleavage:  c  (001),  b  (010),  rather  distinct.  Fracture  uneven.  Brittle. 
H.  =  4-4-5.  G.  =  2-2.  Luster  vitreous.  Color  white,  sometimes  reddish. 
Streak  uncolored.  Translucent  to  opaque.  Optically  +.  Ax.  pi.  and  Bx, 
±  b  (010).  The  ax.  pi.  hes  in  the  obtuse  angle  of  the  a-c  axes,  and  is  usually 
inclined  to  a  axis  about  15°  to  20°,  or  75°  to  70°  to  the  normal  to  c  (001).  The 
position,  however,  is  variable.     2Hii.r  =  71°-84''.     Indices,  l'48-r57. 

Comp.  —  In  some  cases  the  formula  is  {Ki,Ca)Al)Si40ii.4HiO  =  Silica 
48-8,  alumina 20-7,  lime  7-6,  potash  64,  water  165  =  100.  Here  Ca  :  Kj 
=  2:1. 

P^.,  etc.  —  B.B.  crumbles  and  fuses  at  3  to  a  wiiite  enamel,  Getatioiies  with  hydro- 
chloric acid, 

Oba.  —  In  translucent  crystals  in  basalt,  at  the  Giant's  Causeway,  Ireland;  at  Capo  di 
Bove,  near  Rome;  Aci  Castello  and  elsewhere  in  Sicily;  among  the  lavss  of  Mte.  Somma, 
Vesuvius;  in  Germany  at  Stempel,  near  Marburg;  Anncrod,  near  Gieesen;  in  the  Ka^er- 
stuhl,  with  faujasite,  at  Salesl,  Bohemia;  in  the  ancient  lavas  of  the  Puy-de-Dome,  France; 
from  Richmond,  Victoria,  PstudophUlipsUt,  found  near  Rome,  Italy,  differs  from  phillips- 
ite  only  in  the  manner  in  which  it  loses  water  on  heating. 

BASHOTOHE. 

Monoclinic.     Axes  a:b:c  =  0-7031  :  1  :  1-2310;  /3  =  »M 

55°  10'. 

Crystals  uniformly  cruciform  penetration-twins  with  c 
(001)  as  tw.  pi;  either  (1)  simple  twins  (Fig.  934)  or  (2) 
imited  as  fourlings  with  tw.  pi.  e(011)-  These  double 
twins  often  have  the  aspect  of  a  square  prism  with  diag- 
onal pyramid,  the  latter  with  characteristic  feather-like 
striations  from  the  medial  line.  Also  in  more  complex 
groups  analogous  to  those  of  phillipsite. 

Cleavage:  b  (010)  easy,  c  (001)  less  so.  Fracture 
uneven  to  subconchoidal.  Brittle.  H.  =  4-5.  G.  =  2-44- 
2-50.  Luster  vitreous.  Color  white;  passing  into  gray, 
yellow,    red  or  brown.      Streak  white.      Subtransparent    to  translucent. 
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Ax.  pi.  and  Bxa  X  b  (010).  Ax.  pi.  in  obtuse  angle  a-c  axes  and  inclined  about 
65°  to  a  axis  and  60°  to  c  axis.  Optically  +.  2V  =  43°.  a  =  1-503.  fi  = 
1*505     y  =  1*508. 

Comp.  — In  part  H2(K2,Ba)AlaSi60i6.4H20  or  (K2,Ba)O.AljOa.5SiOi. 
5H2O  =  Silica  471,  alumina  160,  baryta  206,  potash  21,  water  141  =  100. 

Pyr.,  etc.  —  B.B.  whitens,  then  crumbles  and  fuses  without  intumescence  at  3*5  to  a 
white  translucent  ^lass.  Some  varieties  phosphoresce  when  heated.  Decomposed  by 
hydrochloric  acid  without  gelatinizing. 

Obs.  —  Occurs  in  basalt  and  similar  eruptive  rocks,  also  phonolite.  trachyte;  not  infre- 
quently on  gneiss,  and  in  some  metalliferous  veins.  At  Strontian,  in  Scotland;  in  a  metal- 
liferous vein  at  Andreasberg  in  the  Harz  Mts.,  Germany:  at  Rudelstadt,  Silesia;  Oberstdn, 
Grermany,  on  agate  in  siliceous  geodes;  at  Kongsber^,  Norway. 

In  the  United  States,  in  small  brown  crystals  with  stilbite  on  the  gneiss  of  New  York 
Island;  near  Port  Arthur,  Lake  Superior. 

Named  from  &pfwi,  jainty  and  rifiytuff  to  cuty  alluding  to  the  fact  that  the  pyramid 
(made  by  the  prismatic  faces  in  twinning  position)  divides  parallel  to  the  plane  that  passes 
through  the  t^minal  edges. 

STILBITE.    Desmine. 

Monoclinic.    Axes  a:b  :c-=  0*7623  :  1  :  11940;  0  =  50°  50'. 

Crystals  uniformly  cruciform  penetration-twins  with  tw.  pi.  c  (001),  analo- 
gous to  phillipsite  and  harmotome.     The  apparent  fonn  a  rhombic  pyramid 
whose  faces  are  in  fact  formed  by  the  prism  faces  of  the  two  individuals;  the 
vertical  faces  being  then  the  pinacoids  b  (010)  and  c  (001)  (cf. 
Figs.  613-615,  p.  299).     Usually  thin  tabular  ||  b  (010).     These  986 

compound  crystals  are  often  grouped  in  nearly  parallel  position, 
forming  sheaf -like  aggregates  with  the  side  face  (6),  showing 
its  characteristic  pearly  luster,  often  deeply  depressed.  Also 
divergent  or  radiated;  sometimes  globular  £md  thin  lamellar- 
columnar. 

Cleavage:  b  (010)  perfect.  Fracture  uneven.  Brittle. 
H.  =  3*5-4.  G.  =  2*094-2*205.  Luster  vitreous;  of  b  (010) 
p)early.  Color  white;  occasionally  yellow,  brown  or  red,  to 
brick-red.  Streak  uncolored.  Transparent  to  translucent. 
Optically  — .  Ax.  pi.  ||  6  (010).  Bx»  incUned  5®  to  axis  a  in 
obtuse  angle  a-c  axes;  hence  Bxa  A  c  axis  =  —  55®  50'.  2V  = 
33°  (approx.).     a  ==  1*494.     p  =  1*498.     7  =  1*500. 

Comp.  —  For  most  varieties  H4(Na2,Ca)Al2Si«Oi8.4H20  or 
(Na2,Ca)O.Al208.6Si02.6H20  =  SiUca  57*4,   alumina   16*3,  Ume  7*7,   soda 
1*4,  water  17*2  =  100.    Here  Ca  :  Naj  =  6  :  1. 

Some  kinds  show  a  lower  percentage  of  silica,  and  these  have  been  called  hypo8lilbiU. 

Pyr.,  etc.  —  B.B.  exfoliates,  swells  up,  curves  into  fan-like  or  vermicular  forms,  and 
fuses  to  a  white  enamel.  F.  ^  2-2*5.  Decomposed  by  hydrochloric  acid,  without  g^ti- 
nizing. 

D&f.  —  Characterized  by  the  frequency  of  radiating  or  sheaf-like  forms;  by  the  pearly 
luster  on  the  clinopinacoid.    Does  not  gelatinize  with  acids. 

Obs.  —  Stilbite  occurs  mostly  in  cavities  in  amygdaloidal  basalt,  and  similar  rocks.  It 
is  also  found  in  some  metalliferous  veins,  and  in  granite  and  gneiss. 

Abundanton  the  Faroe  Islands;  in  Iceland;  on  the  Isle  of  Skye,  in  amygdaloid;  also  in 
Dumbartonshire,  Scotland,  in  red  crystals;  the  Giant's  Causeway,  Ireland;  at  Andreas- 
berg in  the  Harz  Mts.,  Germany,  and  Kongsberg  and  Arendal  in  Norway,  with  iron  ore: 
on  me  Seisser  Alp  in  Tyrol,  Austria,  and  at  the  Puflerloch  {jmJlerUe) :  on  the  granite  01 
Striegau,  Silesia.     A  common' mineral  in  the  Deccan  trap  area  of  British  India. 

In  North  America,  sparingly  in  small  crystals  at  Chester  and  at  the  Somerville  syenite 
quarries,  Mass.;  at  Phiilipstown,  N.  Y.;  and  at  Bergen  Hill,  West  Paterson  and  Great 
Notch.  N.  J.;  also  at  the  Michipicoten  Islands,  Lake  Superior.  In  Nova  Scotia  at  Part- 
ridge island,  also  at  Isle  Haute,  Two  Islands,  Digby  Neck,  Cape  Blomidon,  etc. 

The  name  stilbite  is  from  artX^,  luster^  and  desmine  from  6€afx%  a  bundle. 
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Flokite.  H8(Ga,Nat)AltSiAt-2HtO.  Monoclinic.  In  slender  prismatic  cryBtals.  ) 
Perfect  cleavages  parallel  to  (100)  and  (010).  H.  «=  5.  G.  >=  2*10.  Colorless  and  trans-  ( 
parent.    Indices,  1*472-1 '474.    Fuses  with  intumescence.    From  Iceland.  r 

Gismondite.  Perhaps  CaAl3SitO|.4H30.  In  pyramidal  crystals,  pseudo-tetragonal. 
H.  »  4*5.  G.  »  2*265.  Colorless  or  white,  bluish  wliite,  gra3nsh,  reddish.  Biaxial,  — . 
Index.  1*539.  Occurs  in  the  leucitoph3rre  of  Mt.  Albano,  near  Rome,  at  Capo  6i  Bove, 
and  elsewhere,  etc.:  on  the  Gomer  glacier,  near  Zermatt,  Switz^land;  Sdilauroth  near 
Gorlitz  in  Silesia;  Salesl,  Bohemia,  etc. 

LAUMONTITE.    Leonhardite.    Caporcianite. 

Monoclinic.    Axes  a  :  6  :  c  =  M451  :  1  :  0-5906;  /3  =  eS""  46'. 

Twins:  tw.  pi.  a  (100).  Common  form  the  prism  m  {mm'"  110  A  110  = 
93^  44')  with  oblique  termination  e,  201  (ce  001  A  501  =  56^  55').  Also 
colmnnar,  radiating  and  divergent. 

Cleavage:  6  (010)  £md  m  (110)  very  perfect;  a  (100)  imperfect.  Fracture 
uneven.  Not  very  brittle.  H.  =  3*5-4.  G.  =  2-25~2*36.  Luster  vitreous, 
inclining  to  pearly  upon  the  faces  of  cleavage.  Color  white,  passing  into 
yellow  or  gray,  sometimes  red.  Streak  uncolored.  Transparent  to  trans- 
lucent; becoming  opaque  and  usually  pulverulent  on  exposure.  Optically  — . 
Ax.  pi.  II  b  (010).  Bx»  A  c  axis  =  +  65®  to  70®.  Dispersion  large,  p  <  v; 
inclined,   slight.     2Er  =  52®   24'.     a  =  1513.     /S  =  1524.     y  =  1525. 

Comp.  —  H4CaAlaSi40i4.2H20  =  4HaO.CaO.Al208.4Si02  =  Silica  51' 1, 
alumina  217,  lime  11  9,  water  15*3  =  100. 

Var.  —  Leonhardite  is  a  laumontite  which  has  lost  part  of  its  water  (to  one  molecule), 
and  the  same  is  probably  true  of  caporcianite.  Schneiderite  is  laumontite  from  the  serpen- 
tine of  Monte  Catini,  Italy,  which  has  undergone  alteration  through  the  action  of  magnesian 
solutions. 

Pyr.,  etc.  —  B.B.  swells  up  and  fuses  at  2*5-3  to  a  white  enamel.  Gelatinizes  with 
hydrochloric  acid. 

Obs.  —  Occurs  in  the  cavities  of  basalt  and  similar  eruptive  rocks;  also  in  porphyr>* 
and  syenite,  and  occasionally  in  veins  traversing  clav  slate  with  calcite. 

Its  principal  localities  are  the  Faroe  Islands;  Disko  in  Greenland;  in  Bohemia,  at  Eule 
in  clay  slate;  St.  Gothard  in  Switzerland:  Baveno,  Italy;  Nagyag.  Transylvania;  the 
Fassatal.  Tyrol,  Austria;  the  Kilpatrick  hills,  near  Glasgow,  ScoUana;  the  Hebrides,  and 
the  nortn  of  Ireland.    In  India,  in  the  Deccan  trap  area,  at  Poona,  etc. 

Peter's  Point,  Nova  Scotia,  affords  fine  specimens  ot  this  species.  Found  at  Phipps- 
burg,  Me.  Abundant  in  many  places  in  the  copper  veins  of  Lake  Superior  in  trap,  and  on 
Isle  Royale;  on  north  shore  of  Lake  Superior,  between  Pi^^eon  Bay  and  Fond  du  Lac. 
Found  also  at  Bergen  Hill,  N.  J.;  at  the  Tilly  Foster  iron  mme,  Brewster,  N.  Y. 

Laubanite.  CasAlsSi«Oii.6HtO.  Resembles  stilbite.  H.  »  4*5-6.  G.  «  2*23.  Color 
snow-white.    Occurs  upon  phillipsite  in  basalt  at  Lauban,  Silesia. 

Chabazite  Group*     Rhombohedral 

rr'.  c 

Chabazite         (Ca,Na2)Al2Si40,2.6H20       85°  14'      1-0860 

Gmelinite         (Na2Ca)Al2Si40u.6HjO         68°    8'      0*7345  or  fc  =  I'lOl? 

Levynite  CaAl2Si30io.5H20  73°  56'      08357        ^c  =  MUS 

The  Chabazite  Group  includes  these  three  rhombohedral  species.  The 
fundamental  rhombohedrons  have  different  angles,  but,  as  shown  in  the  axial 
ratios  above,  they  are  closely  related,  since,  taking  the  rhombohedron  of 
Chabazite  as  the  basis,  that  of  Gmelinite  has  the  s3rmbol  (2023)  and  of 
Levynite  (3034). 

The  variation  in  composition  often  observed  in  the  first  two  species  has  led  to  the  rather 


BIUCATES  553 

plausible  hypothesis  that  they  are  to  be  viewed  as  isomorphous  mixtures  of  the  feldspar-like 
compounds 

(Ca,Na«)AlsSis0..4H,0,  (Ca,Na«)Al,Si«Oi,^HiO. 

CHABAZITE. 
Rhombohedral.    Axis  c  -  1-0860;  0001  A  1011  =  51^  26f'. 

986  937  988 


Phacolite 

Twins:  (1)  tw.  axis  c  axis,  penetration-twins  common.  (2)  Tw.  pi. 
r  (1011);  contact-twins,  rare.  Form  commonlj,  the  simple  rhombohedron 
varying  little  in  angle  from  a  cube  (rr'  iTOl  A  1101  =  85°  14');  also  r  and 
e  (0lT2),-  (e6'=  54®  47').    Also  in  complex  twins.    Also  amorphous. 

Cleavage:  r  (lOTl)  rather  distinct.  Fracture  uneven.  Brittle.  H.  = 
4-5.  G.  ==  2'08-2'16.  Luster  vitreous.  Color  white,  flesh-red;  streak 
uncolored.  Transparent  to  translucent.  Optically  ■^;  also  +  (Andreas- 
berg,  also  haydenite).  Birefringence  low.  The  interference-figure  usually 
confused;  .sometimes  distinctly  biaxial;  basal  sections  then  divided  into 
sharply  defined  sectors  with  different  optical  orientation.  These  anomalous 
optical  characters  probably  secondary  and  chiefly  conditioned  by  the  variation 
in  the  amount  of  water  present.    Mean  refractive  index  1'5. 

Var.  —  1.  Ordinary.  The  most  common  form  is  the  fundamental  rhomhobedron,  in 
which  the  angle  is  so  near  90°  that  the  crystals  were  at  first  mistaken  for  cubes.  AcadimUe^ 
from  Nova  Scotia  {Acadia  of  the  French  of  18th  century),  is  a  reddish  chabazite;  sometimes 
nearly  colorless.  Haydenile  is  a  yellowish  variety  in  small  crystals  from  Jones's  Falls,  near 
Baltimore,  Md.  2.  Phacolite  is  a  colorless  variety  occurring  in  twins  of  hexa«^nal  form 
(Fig.  938),  and  lenticular  in  shape  (whence  the  name,  from  ijxxKotj  a  bean))  the  original 
was  from  Leipa  in  Bohemia.  Here  belongs  also  herachdite  (seebachite)  from  Richmond. 
Victoria^  the  composite  twins  of  ^eat  variety  and  beauty.  Probably  also  the  original 
herschelite  from  Sicily.  It  occurs  m  flat,  almost  tabular,  hexagonal  pnsms  with  rounded 
terminations  divided  into  six  sectors. 

Comp.  —  Somewhat  uncertain,  since  a  rather  wide  variation  is  often 
noted  even  among  specimens  from  the  same  locality.  The  ratio  of 
(Ca,Na2,K2)  :  Al  is  nearly  constant  (=1:1),  but  of  AU  :  Si  varies  from  1  :  3 
to  1  :  5;  the  water  also  increases  with  the  increase  in  silica.  The  composition 
usually  corresponds  to  (Ca,Na2)Al2Si40i2.6H20,  which,  if  calcium  alone  is 
present,  requires:  Silica  47 -4,  alumina  20*2,  lime  11*1,  water  21-3  =  100.  If 
Ca  :  Na2  =  1:1,  the  percentage  composition  is:  Silica  47*2,  alumina  20*0, 
lime  5-5,  soda  61,  water  21  2  =  100. 

Potassium  is  present  in  small  amount,  also  sometimes,  barium  and  strontium.  Streng 
explains  the  supposed  facts  most  satisfactorily  by  the  hypothesis  that  the  members  of  the 
group  are  isomorphous  mixtures  analogous  to  the  feldspars,  as  noted  above. 

Pyr.,  etc.  —  B.B.  intumesces  and  fuses  to  a  blebby  glass,  nearly  opaque.  Decomposed 
by  hydrochloric  acid,  with  separation  of  slimy  silica. 
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Diff.  —  Characterized  by  rhombohedral  fonn  (resembling  a  cube).  It  is  harder  th^i 
calcite  and  does  not  efifervesce  with  acid;  unlike  csJcite  and  nuorite  in  cleavage;  fuaes  B.B. 
with  intumescence  unlike  analcite. 

Obs.  —  Occurs  mostly  in  basaltic  rocks,  and  occasionally  in  gneiss,  syenite,  mica  schist, 
homblendic  schist.  Occurs  at  the  Faroe  Islands,  Greenland,  and  Iceland,  associated  with 
chlorite  and  stilbite;  at  Aussig  in  Bohemia;  in  Germany  at  Oberstein,  with  harmotome, 
and  at  Annerod,  near  Giessen;  at  the  Giant's  Causeway,  Antrim,  Ireland,  and  Renfrew- 
shire, Scotland;  Isle  of  Skye,  etc.  In  Australia  (phacolUe)  at  Richmond,  near  MelbourDc. 
etc. 

In  the  United  States,  in  syenite  at  Somerville,  Mass.;  at  Bergen  Hill  and  West  Paterson, 
N.  J.,  in  crystals;  at  Jones  s  Falls  near  Baltimore,  Md.  (haudenite).  In  Nova  Scotia,  wine 
yellow  or  flesh-red  (the  last  the  acadialiie).  associated  with  heulandite,  analcite  and  calcite, 
at  Five  Islands,  Swan's  Creek,  Digb^  Neck,  Two  Islands,  Wasson's  Bluff,  etc. 

The  name  chabaate  is  from  xa/3a^cos,  an  ancient  name  of  a  stone. 

GBiEUNITE. 

Rhombohedral.     Axis  c  =  07345. 

Crystals    usually    hexagonal   in   aspect;     sometimes   p   (OlTl)    smaller 

than  r(lOTl),  and  habit  rhombo- 
W9  940  hedral;  rr'  lOTl  A  1101  =  68*^8', 

rp  lOTl  A  OlTl  =  37°  44'. 

Cleavage:     m    (1010)    easy; 
c  (0001)  sometimes  d^tinct.  Frac- 
ture uneven.    Brittle.    H.  =  4-5. 
G.  =  204r-2-17.    Luster  vitreous. 
Colorless,  yellowish  white,  green- 
ish white,  reddish   white,   flesh- 
red.    Transparent  to  translucent. 
Optically    positive,    also     n^a- 
tive.    Birefringence  very  low.     Interference-figure  often  disturbed,  and  basal 
sections  divided  optically  into  sections  analogous  to  chabazite.     Mean  refract 
tive  index,  r47. 

Comp.  —  In  part  (Na2,Ca) Al2Si40i2.6H20.  If  sodium  alone  is  present 
this  requires:  Silica  46*9,  alumina  19*9,  soda  121,  water  21*1  =  100.  See  also 
p.  552. 

Pyr.,  etc.  —  B.B.  fuses  easil)^  (F.  «  2*5-3)  to  a  white  enamel.  Decomposed  by  hydro- 
chlonc  acid  with  separation  of  silica. 

Obs.  —  Occurs  in  flesh-red  crystals  in  amygdaloidal  rocks  at  Montecchio  Maggiore. 
Italy;  at  Andreasberg,  Germany;  in  Transylvania;  Antrim,  Ireland;  Talisker  in  ISe  of 
Skye,  in  large  colorless  crystals.     In  Australia  at  Flinders,  Victoria. 

In  the  United  States  in  fine  white  crystals  at  Bergen  HilL  Great  Notch  and  Paterson, 
N.J.    At  Cape  Blomidon,  Nova  Scotia  (ledererite) ;  also  at  Two  Islands  and  Five  Islands. 

Named  GmelinUe  after  Prof.  Gmelin  of  Tubingen  (1792-1860). 

Levynite.  CaAlsSiAo-SHjO.  In  rhombohedral  crystals.  H.  =  4-4*5.  G.  =  2*09-216. 
Colorless,  white,  gravish,  reddish,  yellowish.  Optically  — .  w  =  1*50,  Found  at  Glen- 
arm  and  at  Island  Magee,  Antrim.  Ireland;  at  Dalsnypen,  Faroe  Islands,  in  Iceland;  in 
East  Greenland;  in  the  basalt  of  Table  Mountain  near  Golden,  Col. 

Offretite.  A  potash  zeolite,  related  to  the  species  of  the  chabazite  group.  In  basalt 
of  Mont  Simiouse,  France. 


ANALCITE.    Analcime. 

Isometric.  Usually  in  trapezohedrons;  also  cubes  with  faces  n  (211): 
again  the  cubic  faces  replaced  by  a  vicinal  trisoctahedron.  Sometimes  in 
composite  groups  about  a  single  crystal  as  nucleus  (Fig.  389,  p.  161).  Also 
massive  granular;  compact  with  concentric  structure. 
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Cleavage:  cubic,  in  traces.  Fracture  subconchoidal.  Brittle.  H.  = 
5-5"5.  G.  =  2-22-2-29.  Luster  vitreous.  Colorless,  white;  occasionally 
grayish,  greenish,  yellowish,  or  reddish  white.  Transparent  to  nearly  opaque. 
Often  shows  weak  double  refrac- 
tion, which  is  apparently  con- 
nected with  loss  of  water  and 
consequent  change  in  molecular 
structure  (Art.  429) .    n  =  1  -4874. 

Comp.  — NaAlSijOaHaO  = 
Na«O.Al208.4Si02.2H20  =  Silica 
54.5,  alumina  23*2,  soda  14*1, 
water  8*2  =  100. 

Analyses  show  always  a  varying 
excess  of  silica  and  water  above 
amounts  required  by  formula.    It  has 

been  assum^  that  a  molecule  containing  the  acid  HsSiaOi  is  present  in  soild  solution  in 
small  amounts. 

Pyr.,  etc.  — Yields  water  in  the  closed  tube.  B.B.  fuses  at  2*5  to  a  colorless  glass. 
Gelatimzes  with  hydrochloric  acid. 

Diff .  —  Characterized  by  trapezohedral  form,  but  is  softer  than  garnet,  and  yields  water 
B.6.,  unlike  leucite  (which  is  also  infusible);  fuses  without  intumescence  to  a  clear  glass 
unlike  chabazite.  From  leucite  and  sodaUte  surely  distinguished  only  by  chemical  tests, 
i.e..  absence  of  chlorine  in  the  nitric-acid  test  (see  sodalite,  p.  502),  absence  of  much  potash 
ana  abundance  of  soda  in  the  solution,  an^  evolution  of  much  water  from  the  powder  in  a 
closed  glass  tube  below  a  red  heat. 

Micro.  —  Recogpized  in  thin  sections  by  its  very  low  relief  and  isotropic  character; 
often  shows  optical  anomalies. 

Obs.  —  Occurs  frequently  with  other  zeolite§,  also  prehnite,  calcite,  etc.,  in  cavities  and 
seams  in  basic  igneous  rocks,  as  basalt,  diabase,  etc.;  mso  in  granite,  gneiss,  etc.  Recently 
shown  to  be  also  a  rather  widespread  component  of  the  grounamass  of  various  basic 
igneous  rocks,  at  times  being  the  only  alkali-alumina  silicate  present,  as  in  the  so-called 
analcite-basalts.  Has  been  held  in  such  cases  to  be  a  primary  mineral  produced  by  the 
crystallization  of  a  magma  containing  considerable  soda  and  .water  vapor  neld  under  pres- 
sure. 

The  Cyclopean  Islands,  near  Catania,  Sicily,  afford  pellucid  crystals;  also  the  Fassatal 
in  T3nrol,  Austria;  other  localities  are,  in  Scotland,  in  the  Kilpatrick  Hills;  Co.  Antrim, 
etc.,  in  Ireland;  the  Faroe  Islands;  Iceland;  near  Aussig,  Bohemia;^  at  Arendal,  Norway, 
in  beds  of  iron  ore;  at  Andreasberg,  in  the  Harz  Mts.,  Germany,  in  silver  mines. 

In  the  United  States,  occurs  at  Bergen  Hill  and  West  Paterson,  N.  J.;  in  gneiss  near 
Yonkers,  Westchester  Co.^  N.  Y.;  abundant  in  fine  crystals  with  prehnite,  datolite,  and 
calcite,  in  the  Lake  Superior  region;  at  Table  Mt.  near  Golden,  Col.,  with  other  zeolites. 
Nova  Scotia  affords  fine  specimens. 

The  name  analdme  is  from  ouvrXxts,  tveakf  and  alludes  to  its  weak  electric  power 
when  heated  or  rubbed.    The  correct  derivative  is  ancdcUe,  as  here  adopted  for  the  species. 

Faujasite.    Perhaps  H4NasCaAl4SiioO«i.l8H,0. 

In  isometric  octanedrons.  H.  =5.  G.  «  1*923.  Colorless,  white,  n  =  1*48.  Oc- 
curs with  augite  in  the  limburgite  of  Sasbach  in  the  Kaiserstuhl,  Baden,  Germany,  etc. 

Edingtonite.  Perhaps  BaAltSiiOio.3H20.  Crystals  pyramidal  in  habit  (orthorhombic, 
Meudo-tetragonal);  also  massive.  H.  =  4-4-5.  G.  =  2*694.  White,  grayish  white,  pink. 
Optically  — .  Indices,  1*538-1  "554.  Occurs  in  the  Kilpatrick  Hills,  near  Glasgow,  Scot- 
land, with  harmotome.    From  Bohlet,  Sweden. 


Natrolite 

Scolecite 
Mesolite 


Natrolite  Group.    Orthorhombic  and  Monoclinic 

CL  *  h  \  C 

NasAl,Si30,o.2H,0  09785  :"  1  :  0-3536 

CL  '  J}  \  C 

Ca(A10H),(SiO,)3.2H,0  09764  :  1  :  03434 

Na»Al^i,0,«.2H,0 

2[CaAUSi,0,o.3H,0] 


89"'    18' 
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crystalline  syBtem;  Natralite  isorthorhombic  u._.    ,, 

monoclinic,  perhaps  also  in  part  triclinic;  Mesolite  aeenu  to  be  both  maaot^inic  and  tri- 
clinic.    Fibrous,  radiatii^  or  diveiveat  groups  fkre  common  to  all  these  species. 

The  Natrolite  Group  mcludee  the  sodium  silicate,  Natrolit«,  with  the  empiric&l  formula 
NaiAl^iiO„.2H>0;     the    calcium    silicate,    Scolecite,    CBAl,Si/>„.3U^;     also    Mesoliit 


NATROLITE. 
Orthorhombic*    Axes  a : 


b:c  =  0-9785  :  1  :  0-3536. 


I^^^ 


111  A  III  ■    -.    -_. 
Ill  A  111  -  36"  471'. 


Crystals  prismatic,  usually  very  slender  lo 
acicular;  frequently  divergent,  or  in  stellate 
groups.  Also  fibrous,  radiating,  massive,  gran- 
ular, or  compact. 

Cleavage:  m  (110)  perfect;  fc  (010)  imper- 
fect, perhaps  only  a  plane  of  parting.  Frac- 
ture uneven.  H.  =  5-55.  G.  =  2-20-2-25. 
Luster  vitreous,  sometimes  inclining  to  pearly, 
especially  in  fibrous  varieties.  Color  white,  or  colorless;  to  grayish,  yellow- 
ish, reddish  to  red.  Transparent  to  translucent.  Optically  -{-.  Ax.  pi. 
6  (010).     Bx  X   c  (001).     2V  =  63°.     a  =  r480.     /9  =  1-482.     7  =  r493. 

Var.  —  Ordinart/.    Cora 
tals,  varying  but  little  in  a 


idpectolite):  oite 
1  luster  within; 


compact  massive. 


mnniU,  gprtiulein,  breviciU,  are  names  which  have  been  dven  to  the  natrolite 
from  tae  augite-syenite  of  southern  Norway,  on  the  Langesund  nord,  in  the  "Brevik" 
region,  where  it  occurs  fibrous,  massive,  and  in  long  pTismatic  crystalliEations,  aad  from 
white  to  red  in  color.  Derived  in  part  from  dsolite,  in  part  from  sodalite.  Iron-nalrolile 
is  a  dark  green  opaque  variety,  either  cryBtalline  or  amorphous,  from  the  Brevik  region;  the 
iron  is  due  to  inclusions. 

Comp.  —  Na,Al,Si,Oio.2H,0  or  Na,0. AliO,.3SiOt.2HiO  =  SiUca  47-4,  alu- 
mina 26-8,  Na,0  163,  water 95  =  100. 

Pyr.,  etc.  —  In  the  cloeed  tube  whitens  and  becomes  opaque.  B.B.  fuses  quietly  at  2 
to  a  colorless  ^sss.     Fusible  in  the  flame  of  an  ordinary  wax  candle.     Gelatiniies  with  acids. 

Diff.  ^  Distinguished  from  aragonite  and  pectolite  by  ita  easy  fusibility  and  gelati- 
niiatioQ  with  acid. 

Obs.  —  Occurs  in  cavities  in  amygdaloidal  basalt,  and  other  related  igneous  rocks; 
sometimes  in  seams  in  granite,  gneiss,  and  syenite.  Found  at  Aubbik  and  Teplitz  in  Bohe- 
mia; infinecrystalsinAuvergne,  France;  Fassatal,  Tyrol,  Austria:  Kapnik,  Hungarv.  In 
red  amygdules  (crocalile)  in  amygdaloid  of  Ireland,  Scotland  and  Tyrol;  the  amygdaloid  of 
Biahopton,  Scotland  (gaUicliU)  and  at  Glen   Farg  (JargUe)   in   Fifeshire^    Common  in  the 


In  North  America,  in  the  trap  of  Nova  Scotia;  at  Bergen  Hill  and  Weet  Paterson,  N.  J.; 
at  Copper  Falls,  Lake  Superior;  from  benitoite  locality,  San  Benito  Co.,  Cal. 

Named  Muolype  by  Haiiy,  from  (iwoi,  middle,  and  ruiroi,  type,  because  the  form  of 
the  crystal  —  in  his  view  a  square  prism  —  was  intermediate  between  the  forms  of  stilbite 

*  In  rare  cases  the  crystals  seem  to  be  monoclinic. 
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and  analcite.    NatrolUef  of  Klaproth,  is  from  natranj  soda;  it  alludes  to  the  presence  of  soda, 
whence  also  the  name  sodormesotypef  in  contrast  with  scolecite,  or  lime-mesotype. 

SCOLECITE. 

Monoclinic.    Axes  a  :  6  :  c  =  0-9764  :  1  :  03434;  p  =  89°  18'. 

Crystals  slender  prismatic  (mm"'  110  A  iTO  =  88°  37^')7  twins  showing  a 
feather-like  striation  on  &'(010),  diverging  upward;  also  as  penetration-twins. 
Crystals  in  divergent  groups.  Also  massive,  fibrous  and  radiated,  and  in 
nodules. 

Cleavage:  m  (110)  nearly  perfect.  H.  =  5-5*5.  G.  =  2-16-2-4.  Luster 
vitreous,  or  silky  when  fibrous.  Transparent  to  subtranslucent.  Optically  — . 
Ax.  pi.  and  Bxo  ±  6  (010).  Bxa  A  c  axis  =  15°-16°.  2V  =  36°  (approx.). 
(X  —  1*512.     S  =  1*519.     y  =  1*519. 

Comp.  —  CaAl2Si,6io.3H20  or  CaO.Al2O3.3SiO2.3H2O  =  Silica  459,  alu- 
mina  26*0,  lime  14*3,  water  13  8  =  100. 

Pyr.,  etc.  —  B.B.  sometimes  curls  up  like  a  worm  (whence  the  name  from  trKcjkfi^,  a 
worm,  which  aves  scolecUe,  and  not  scoUsite  or  scolezite):  other  varieties  intumesce  but 
slightly,  and  all  fuse  at  2-2*2  to  a  white  blebby  enamel.    Gelatinizes  with  acids  like  natrolite. 

Obs.  —  Occurs  in  the  Berufiord,  Iceland:  in  Scotland  in  amygdaloid  at  Staffa  ledand 
and  in  Isle  of  Skye,  at  Talisker;  near  Eisenach,  Saxony:  in  Auvergne,  France;  common  in 
fine  crystallizations  in  the  Deccan  trap  area,  in  British  India.  In  ciystals  from  Karaanan- 
guit-Kakait,  Greenland.  In  the  United  States,  in  Col.  at  Table  Mountain  near  Golden 
in  cavities  in  basalt.    In  Canada,  at  Black  Lake,  Megantic  Co.,  Quebec. 

Mesoiite.  Intermediate  between  natrolite  and  scolecite  (see  p.  556).  In  acicular  and 
capillary  crystals;  delicate  divergent  tufts,  etc.  G.  =  2 "29.  White  or  colorless.  Indices, 
1*505-1 '506.  In  amygdaloidal  basalt  at  numerous  points.  Crystals  from  Faroe  Islands 
appear  to  be  triclinic.  pseudomonoclinic  through  twinning.  Psevdomesolile  is  name  given 
to  a  zeoUte  from  Carlton  Peak,  Minn.,  like  mes6lite  except  for  its  optical  characters. 

Gonnardite.  (Ca,Nat)sA]tSisOii.5iH20.  In  spherules  with  radiating  structure. 
G.  =  2*25-2*35.    From  basalt  of  Gignat,  Puy-de-Ddme,  prance. 


THOMSONITE. 

Orthorhombic.    Axes  a:b:c^  0*9932  :  1  :  1*0066. 

Distinct  crystals  rare;  in  prisms,  mm"'  110  A  110  =  89**  37'.  Commonly 
columnar,  structure  radiated;  in  radiated  spherical  concretions;  also  closely 
compact. 

Cleavage:  b  (010)  perfect;  a  (100)  less  so;  c  (001)  in  traces.  Fracture 
uneven  to  subconchoidal.  Brittle.  H.  =  5-5*5.  G.  =  2*3--2*4.  Luster 
vitreous,  more  or  less  pearly.  Snow-white;  radish,  green;  impure  varieties 
brown.  Streak  uncolored.  Transparent  to  translucent.  Pyroelectric.  Op- 
tically +.  Ax.  pi.  1 1  c  (001).  Bx  ±  6  (010).  Dispersion  p>  v  strong.  2V  = 
54°  (approx.).     a  =  1*497.    p  =  1*503.    7  =  1-525. 

Var.  —  1.  Ordinary,  (a)  In  regular  crystals,  usually  more  or  less  rectangular  in  out- 
line, prismatic  in  habit.  (6)  Prisms  slender,  often  vesicular  to  radiated,  (c)  Radiated 
fibrous,  (d)  Spherical  concretions,  consisting  of  radiated  fibers  or  slender  crystals.  Also 
massive,  granular  to  impalpable,  and  white  to  reddish  brown,  less  often  green  as  in  linUm- 
ite.  The  spherical  massive  forms  also  radiated  with  several  centers  and  of  varying  colors, 
hence  of  much  beauty  when  polished.  OzarkUe  is  a  white  massive  thomsonite  from  Arkan- 
sas. 

Comp..—  (Na2,Ca) Al2Si208.2iH20  or  (Na2,Ca)O.Al208.2Si02.2iH20.  The 
ratio  of  Na2  :  Ca  varies  from  3  :  1  to  1  :  1.  If  Ca  :  Naa  =  3:1  the  percentage 
composition  requires:  Si02  37*0,  AkOs  31*4,  CaO  12*9,  Na«0  4*8,  H2O  13-9  = 
100. 
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Pyr^  etc.  —  B.B.  fuses  with  uituincsoenoe  at  2  to  a  white  enamel.  Gelatiniaes  wii* 
hydrochloric  acid. 

Diff.  —  Resembles  some  natrolite,  but  fuses  to  an  opaque,  not  to  a  dear  gia». 

Obs.  —  Found  in  cavities  in  lava  in  amygdaloidal  igneous  rocks,  sometimes  ^n'l 
dssolite  as  a  result  of  its  alteration.  Occurs  near  Kilpatrick,  Scotland;  in  the  lavap  •• 
Mte  Somma  (complonite),  Vesuvius;  in  basalt  at  the  Pflasterkaute  in  Saxe  Weimar,  Grr 
many;  in  Bohemia,  in  phonolite;  the  Cyclopean  islands,  Sicilv;  nearBrevik,  Xorwav:  iL 
Faroe  Islands;  lodana  (carphostilbite,  straw-yellow);  at  Mt.  Monioni,  Fassatal.  Y^-r . 
Austria. 

Occurs  at  Peter's  Point,  Nova  Scotia.    In  the  United  States,  at  West  Pateison.  N.  J 
at  Magnet  Cove  (ozarkite)  in  the  Ozark  Mts.,  Ark.;  in  the  amygdaloid  of  Grand  ^Vfarai- 
Lake  Superior,  which  yields  the  water-worn  pebbles  resembling  agate,  in  part  green  (Unit'- 
iU) ;  in  Uie  basalt  of  Table  Mt.  near  Golden,  Col. 

Htdbothousonite.  (Hs,Nas,Ca)Als8i20|.5HsO.  An  alteration  product  of  thomsoiiit« 
or  sooledte  from  Tschakwa  near  Batum  on  the  Black  Sea. 

Ardninite.  A  zeolite  containing  lime  and  soda.  In  radiating  fibrous  aggregate- 
G.  SB  2*26.    Color  red.     From  Val  dei  Zuccanti,  Venetia,  Italy. 

Ecfaelltte.  (Ca,Na«)0.2Al«0».3SiOi  4HfO.  In  radiating,  fibrous,  spheroidal  massp^ 
White.  H.  »  5.  /3  »  1*533.  Elongated  ||  Y.  From  Sextant  Portage,  Abitibi  River. 
Northern  Ontario. 

Sptdesmme.  Comp.  same  as  for  stilbite.  Orthorhombic.  In  minute  crystals,  only  t^-*" 
three  pinacoids  showing.  Cleavages  parallel  to  both  vertical  pinaooids.  CJolorless  to  vt  1- 
low.  Index  »  1*50.  Bxa  perpoidicuUu-  to  c  (001).  Optically  -.  G.  «  2*16.  Eaaly 
fusible  with  intimiescence.    Occurs  as  a  crust  on  caldte  from  Schwarsenberg,  Saxony. 

Ste&erite.  CaAlsSiTOu.THxO.  Orthorhombic.  Crystals  tabular  parallel  to  b  (010\ 
Cleavage  perfect  parallel  to  6  (010),  imperfect  paraUel  to  a  (100)  and  c  (001).  H.  »  3*5-4. 
G.  »  2*12.  Indices,  1*48-1*50.  Found  in  cavity  in  a  diabase  tuff,  (I!opper  Island,  Com- 
mander Islands. 

Erionite.  HtCaKtNatAlsSi^On.SHsO.  Orthorhombic.  In  aggregates  of  very  slender 
fibers,  resembling  wool.  G.  =  1*997.  Wliite.  Occurs  in  cavities  m  rnyolite  from  Ehirkee, 
Oregon. 

Bavenite.  Ca«Als(SiOi)«.HfO.  Monoclinic.  Fibrous-radiated  groups  of  prismatic 
crystals.  One  cleavage.  H.  «  5*5.  G.  =  2*7.  Color  white.  /J  «  1*58.  Occurs  in  peg- 
matitic  druses  in  the  granite  of  Baveno,  Italy. 

Bityite.  A  hydrous  silicate  of  calcium  and  aluminium,  with  small  amounts  of  the 
alkalies.  Pseudd-hexaoonial.  In  minute  hexagonal  plates  which  in  polarized  light  show 
division  into  six  biaxial  sectors.  Cleavage  parallel  to  base.  H.  —  5*5.  G.  »  3*0.  In- 
dices 1*62-1  "64.    Found  as  crystal  crusts  in  pegmatite  veins  at  Maharitra,  Madagascar. 

Hydronephelite.  HNafAl|Si/)is.3H20.  Massive,  radiated.  H.  «=  4*5-6.  G.  =  2*263. 
Color  white;  also  dark  gray.  Index,  1*50.  From  Litchfield,  Me.;  said  however  to  be  a 
mixture  of  natrolite,  hycfrargillite  and  diaspore.  Ranite  from  the  Langesund  fiord,  Norway, 
is  similar. 


n.  Mica  Division 


The  species  embraced  under  this  Division  fall  into  three  groups:  1,  the 
Mica  Group,  including  the  Micas  proper;  2,  the  Clintonite  Group,  or  the 
Brittle  Micas;  3,  the  Chlorite  Group.  Supplementary  to  these  are  the 
Vermiculites,  hydrated  compounds,  chiefly  results  of  the  alteration  of  some 
one  of  the  micas. 

All  of  the  above  species  have  the  characteristic  micaceous  structure,  that 
is,  they  have  highly  perfect  basal  cleavage  and  yield  easily  thin  laminae.  They 
belong  to  the  monoclinic  system,  but  the  position  of  the  bisectrix  in  general 
deviates  but  little  from  the  normal  to  the  plane  of  cleavage;  all  of  them  show 
on  the  basal  section  plane  angles  of  60°  or  120°,  marking  the  relative  position 
of  the  chief  zones  of  forms  present,  and  giving  them  the  appearance  of  hex- 
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agonal  or  rhombohedral  symmetry;  further,  they  are  more  or  less  closely 
related  among  themselves  in  the  angles  of  prominent  forms. 

The  species  of  this  Division  all  yield  water  upon  ignition,  the  micas  mostly 
from  4  to  5  p.  c,  the  chlorites  from  10  to  13  p.  c;  this  is  probably  to  be 
regarded  in  all  cases  as  water  of  constitution,  and  hence  they  are  not  properly 
hydrous  silicates. 

More  or  less  closely  related  to  these  species  are  those  of  the  Serpentine  and 
Talc  Division  and  the  Kaolin  Division  following,  many  of  which  show  dis- 
tinctly a  mica-Uke  structure  and  cleavage  and  also  pseudo-hexagonal  sym- 
metry. 

1.   Mica  Group.    Monoclinic 

Muscovite      Potassium  Mica  H2KAl3(Si04)8 

a:b:c  ^  0-57735  :  1  :  3-3128      p  =  89*^  54' 
Paragomte     Sodium  Mica  H2NaAl3(Si04)3 

tepidoUte       Lithium  Mica  KLi[Al(OH,F),]Al(Si08)8  in  part. 

Zinnwaldite    Lithium-iron  Mica  ^^  ^^ 

Biotite  Magnesium-iron  Mica  (H,K)i(Mg,Fe)2(Al,Fe)2(Si04)3  in  part. 

a  :  6  :  c  =  0-57735  :  1  :  3-2743        ^  =  90^  0' 

Phlogopite  (H,K,(MgF))3Mg8Al(Si04)8 

Magnesium  Mica;  usually  containing  fluorine,  nearly  free  from  iron. 

Lepidomelane  Annite. 

Iron  Micas.     Contain  ferric  iron  in  large  amount. 

The  species  of  the  Mica  Group  crystallize  in  the  monoclinic  system,  but 
with  a  close  approximation  to  either  rhombohedral  or  orthorhombic  symmetry; 
the  plane  angles  of  the  base  are  in  all  cases  60®  or  120®.  They  are  all  charac- 
terized by  highly  perfect  basal  cleavage,  yielding  very  thin,  tough,  and  more 
or  less  elastic  laminae.  The  negative  bisectrix,  X,  is  very  nearly  normal  to  the 
basal  plane,  varying  at  most  but  a  few  degrees  from  this;  hence  a  cleavage 
plate  shows  the  axial  interference-figure,  which  for  the  pseudo-rhombohedral 
kinds  is  often  uniaxial  or  nearly  uniaxial.  Of  the  species  named  above, 
biotite  has  usually  a  very  small  axial  angle,  and  is  often  sensibly  unaxial;  the 
axial  angle  of  phlogopite  is  also  small,  usually  10®  to  12®;  for  muscovite,  para- 
gonite,  lepidoUte  the  angle  is  large,  in  air  commonly  from  50®  to  70®. 

The  Micas  may  be  referred  to  the  same  fundamental  axial  ratio  with  an 
angle  of  obliquity  differing  but  little  from  90®; 
they  show  to  a  considerable  extent  the  same 
forms,  and  their-  isomorphism  is  further  indicated 
by  their  not  infrequent  intercrystallization  in  par- 
allel position,  as  biotite  with  muscovite,  lepidolite 
with  muscovite,  etc. 

A  blow  with  a  somewhat  dull-pointed  instrument 
on  a  cleavage  plate  of  mica  develops  in  all  the 
species  a  six-rayed  percussion-figure  (Fig.  945,  also 
Fig.  491,  p.  189),  two  lines  of  which  are  nearly  par- 
allel to  the  prismatic  edges;  the  third,  which  is  the 
most  strongly  characterized,  is  parallel  to  the  clino- 
pinacoid  or  plane  of  sjmametry.  The  micas  are  often  divided  into  two  classes, 
according  to  the  position  of  the  plane  of  the  optic  axes.     In  the  first  class 
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belong  those  kinds  for  which  the  optic  axial  plane  is  normal  to  b  (010),  thf> 
plane  of  symmetry  (Fig.  945) ;  in  the  second  cUisa  the  axial  plane  is  parallel  to 
the  plane  of  symmetry.  The  percussion  figure  serves  to  fix  the  crystallt>- 
graphic  orientation  when  crystalline  faces  are  wanting.  A  second  series  of 
lines  at  right  angles  to  those  mentioned  may  be  more  or  less  distinctly  developed 
by  pressure  of  a  dull  point  on  an  elastic  surface,  forming  the  so-called  pressure- 
figure;  this  is  sometimes  six-rayed,  more  often  shows  three  branches  only,  and 
sometimes  only  two  are  developed.  In  Fig.  945  the  position  of  the  pressure- 
figure  is  indicated  by  the  broken  lines.  These  lines  are  connected  with  ^ding- 
planes  inclined  some  67°  to  the  plane  of  cleavage  (see  beyond). 

The  micas  of  the  first  doss  include:  Muscovite,  paragonite,  lepidolite,  also 
some  rare  varieties  of  biotite  called  anomite. 

The  second  doss  embraces:  Zinnwaldite  and  most  biotite,  including 
lepidomelane  and  phlogopite. 

Chemically  considered,  the  micas  are  silicates,  and  in  most  cases  orthosili- 
cates,  of  aluminium  with  potassium  and  hydrogen,  also  often  magnesium, 
ferrous  iron,  and  in  certain  cases  ferric  iron,  sodium,  lithium  (rarely  rubidium 
and  caesium);  further,  rarely,  barium,  manganese,  chromium.  Fluorine  is 
prominent  in  some  species,  and  titanium  is  also  sometimes  present.  Other 
elements  (boron,  etc.)  may  be  present  in  traces.  All  micas  yield  water  upon 
ignition  in  consequence  of  the  hydrogen  (or  hydroxyl)  which  they  contain. 

MUSCOVITE.    Common  Mica.     Potash  Mica. 

MonocUnic.    Axes  a  .b:c^  0-57735  :  1  :  3-3128;  /3  =  89°  54'. 

Twins  common  according  to  the  mica4aw:  tw.  pi.  a  plane  in  the  zone 
cM  001  A  221  normal  to  c  (001)  the  crystals  often  united  by  c.  Crystals 
rhombic  or  hexagonal  in  outline  with  plane  angles  of  60°  or  120°.  Habit 
tabular,  passing  into  tapering  forms  with  planes  more  or  less  rough  and 
strongly  striated  horizontjaJly ;  vicinal  forms  common.  Folia  often  very  small 
and  aggregated  in  stellate,  plumose,  or  globular  forms;  or  in  scales,  and  scaly 
massive;  also  cryptocrystalline  and  compact  massive. 

Cleavage:  basal,  eminent.  Also  planes  of  secondary  cleavage  as  shown  in 
the  percussion-figure  (see  pp.  559  and  189) ;  natural  plates  hence  often  yield 

OAA  Q^9  cM,     001  A  221  =  85**  36'. 

•"  ^^  en,      001  A  Til  =  81**  30'. 

MM\  221  A  221  =  59*  48'. 

mm',     111  a  III  =  59**  16*'. 


narrow  strips  or  thin  fibers 
II  axis  b,  and  less  distinct  in 
directions  injclined  60°  to  this. 
Thin  laminse  flexible  and  elastic  when  bent,  very  tough,  harsh  to  the 
touch,  passing  into  kinds  which  are  less  elastic  and  have  a  more  or  less 
imctuous  or  talc-hke  feel.  Etching-figures  on  c  (001),  monoclinic  in  symmetry 
(Pig.  495,  p.  190). 

H.  =  2-2*5.  G.  =  2-76-3.  Luster  vitreous  to  more  or  less  pearly  or 
silky.  Colorless,  gray,  brown,  hair-brown,  pale  green,  and  violet,  yeUow, 
dark  olive-green,  rarely  rose-red.  Streak  uncolor^.  Transparent  to  trans- 
lucent. 

Pleochroism  usually  feeble;  distinct  in  some  deep-colored  varieties  (see 
beyond).  Absorption  in  the  direction  normal  to  the  cleavage  plane  (vibra- 
tions II  F,  Z)  strong,  much  more  so  than  transversely  (vibrations  \\X)\  hence  a 
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crystal  unless  thin  is  nearly  or  quite  opaque  in  the  first  direction  though 
translucent  through  the  prism.  Optically  — .  Ax.  pi.  ±  b  (010)  and  nearly 
JL  c  (001).  Bxa  (=  -30  inclined  about  —  1°  (behind)  to  a  normal  to  c  (001). 
Dispersion  p  >  v,  2V  variable,  usually  about  40°,  but  diminishing  in  kinds 
(phengite)  relatively  high  in  sihca.    a  =  1*561.    j8  =  TSQO.     y    =  1*594. 

Var.  —  1.  Ordinary  Muscovite.  In  crystals  as  above  described,  often  tabular  ||  c  (001), 
also  tapering  with  vertical  faces  rough  and  striated;  the  basal  plajie  often  rough  unless  as 
developed  by  cleavage.  More  oonunonlv  in  plates  without  distinct  outline,  except  as 
developed  by  pressure  (see  above) ;  the  plates  sometimes  very  large,  but  passing  into  fine 
scales  arranged  in  plumose  or  other  forms.  In  normal  muscovite  ^e  thin  lammse  spring 
back  with  force  when  bent,  the  scales  are  more  or  less  harsh  to  the  touch,  unless  very  small, 
and  a  pearly  luster  is  seldom  prominent. 

2.  Damourite.  Including  margarodiUy  gUbertiUf  hydro-muscovitef  and  most  hydro- 
MICA  ingeneral.  Folia  less  elastic;  luster  somewhat  pearly  or  silky  and  fed  unctuous  hke 
talc.  The  scales  are  usually  small  and  it  passes  into  forms  which  are  fine  scaly  or  fibrous, 
as  sericUe,  and  finally  into  the  compact  crypto-crystalline  kinds  called  oncosine,  including 
much  pinite.  Often  derived  by  alteration  of  cyanite,  topaz,  corundum,  etc.  Although 
often  spoken  of  as  hydrous  micas,  it  does  not  appear  that  damourite  and  the  allied  varieties 
necessarily  contain  more  water  than  ordinary  muscovite;  they  may,  however,  give  it  ofiT 
more  readily. 

Margarodite,  as  originally  named,  was  the  talc-like  mica  of  Mt.  Greiner  in  the  Zillertal, 
Tyrol,  Austria^  granular  to  scaly  in  structure^  luster  pearly,  color  grayish  white.  GUbertUe 
occurs  in  whitish,  silkv  forms  from  the  tin  mme  of  St.  Austell,  Cornwall.  SericiU  is  a  fine 
scaly  muscovite  united  in  fibrous  aggregates  and  characterized  by  its  silky  luster  (hence  the 
name  from  (njpucos,  siUcy). 

Comp.  —  For  the  most  part  an  orthosilicate  of  aluminium  and  potas- 
sium (H,K)AlSi04.  If,  as  in  the  common  kinds,  H  :  K  =  2  :  I,  this  becomes 
HjKAlaCSiOOa  =  2H20.K20.3Al203.6Si02  =  Silica  45-2,  alumina  38-5,  potash 
11-8,  water  4-5  =  100. 

Some  kinds  give  a  larger  amount  of  silica  (47  to  49  p.  c.)  than  corresponds  to  a  normal 
orthosilicate,  and  they  have  been  called  phengite.  As  shown  by  Clarke,  these  acid  mus- 
oovites  can  be  most  simply  regarded  as  molecular  mixtures  of  IisKAlt(Si04)i  and 
H,KAl,(Si,08),. 

Iron  is  usually  present  in  small  amount  only.  Barium  is  rarely  present,  as  in  oeUachertte. 
G.  —  2*88-2*90.  Chromium  is  also  present  in  fuchsite  from  Schwarzenstein,  Zillert^, 
Tyrol,  and  elsewhei-e. 

P3rr.,  etc.  —  In  the  closed  tube  gives  wat«r.  B.B.  whitens  and  fuses  on  the  thin  edges 
(F.  =  5*7)  to  a  gray  or  yellow  glass.  With  fluxes  gives  reactions  for  iron  and  sometimes 
man^nese,  rarely  chromium.*  Not  decomposed  by  acids.  Decomposed  on  fiision  with 
alkahne  carbonates. 

.  Diff.  —  Distinguished  in  normal  kinds  from  all  but  the  species  of  this  division  by  the 
perfect  basal  cleavage  and  micaceous  structure,  the  pale  color  separates  it  from  most  biotite: 
the  laminffi  are  more  flexible  and  elastic  than  those  of  phlogopite  and  still  more  than  those  oi 
the  brittle  micas  and  the  chlorites. 

Micro.  —  In  thin  sections  recognized  by  want  of  color  and  by  the  perfect  cleavage 
shown  by  fine  lines  (as  in  Fig.  951,  p.  564)  in  sections  X  c  (001),  in  a  direction  parallel  to  c. 
By  reflected  hdht  under  the  microscope  the  same  sections  show  a  peculiar  mottled  surface 
with  satin-like  luster;  birefringence  rather  high,  hence  interference-colors  bright. 

Obs.  —  Muscovite  is  the  most  common  of  the  micas.  It  is  an  essential  constituent  of 
mica  schist  and  related  rocks,  and  is  a  prominent  component  of  certain  common  varieties 
of  fl;ranite  and  gneiss;  also  found  at  times  in  fragmental  rocks  and  limestones;  in  volcanic 
rocKS  it  is  rare  and  appears  only  as  a  secondary  product.  The  largest  and  best  developed 
crystals  occur  in  the  pe^atite  dikes  associated  with  granitic  intrusions,  either  directly 
cutting  the  granite  or  in  its  vicinity.  Often  in  such  occurrences  in  enormous  plates  from 
which  the  mica  or  ''isinglass"  of  commerce  is  obtained.  It  is  then  often  associated  with 
crystallized  orthoclase,  quartz,  albite;  also  apatite,  tourmahne,  garnet,  beryl,  columbite, 
etc..  and  other  mineral  species  characteristic  of  granitic  veins.  Further,  muscovite  often 
encloses  flattened  crystals  of  garnet,  tourmaline,  also  quartz  in  thin  plates  between  the 
sheets;  further  not  infrequently  magnetite  in  denorite-like  forms  following  in  pcurt  the  direc- 
tions of  the  percussion-figure. 
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Some  of  the  best  known  localities,  are:  Abiihl  in  the  Sulxbachtal,  Austrian  Tyrol;  witk 
adularia;  Rothenkopf  in  the  Zillertal,  Tyrol;  Soboth,  Styria;  St.  Gothard,  BinnentaL  aLc 
elsewhere  in  Switzerland;  Moume  Mts.^  Ireland:  Cornwall;  Uto,  Falun,  Sweden ;^nit- 
terud,  and  Bamble,  Norway.    Obtained  in  larj^e  plates  from  Greenland  and  the  East  Indies 

In  Me.,  at  Moimt  Mica  in  the  town  of  Paris;  at  Buckfield,  in  fine  crystals.  In  N.  H.,  a; 
Acworth,  Grafton.  In  Mass.,  at  Chesterfield;  South  Royalston;  at  Goshen,  roee-red.  k 
Conn.,  at  Monroe;  at  Litchfield^  with  cyanite;  at  the  Middletown  feldspar  quarry;  &*. 
Haddam;  at  Branchville,  with  albite,  etcj^  New  Milford.  In  N.  Y.,  near  Warwick;  Ed«>- 
ville;  Edwards.  In  Pa.,  at  Pennsburv,  Chester  Co.;  at  Unionville,  Delaware  Co.,  and  at 
Middletown.  In  Md.,  at  Jones's  Fails,  Baltimore.  In  Va.,  at  Amelia  Court-House.  In 
N.  C.,  extensively  mined  at  many  places  in  the  western  part  of  the  state;  the  chief  mine 
are  in  Mitchell,  Yancey,  Jackson  and  Macon  Cos.;  crystals  from  Lincoln  Co.  The  mica 
mines  have  also  afforded  many  rare  species,  as  columbite,  samarskite,  hatchettolite,  uras- 
inite,  etc.;  in  good  crystals  in  Alexander  Co.  In  S.  C,  tn^e  are  also  musoovite  deposits; 
also  in  Ga.  and  Ala. 

Mica  mines  have  also  been  worked  to  some  extent  in  the  Black  Hills,  S.  D.;  in  Wash., 
at  Rockford,  Spokane  Co.;  in  Col.  The  important  states  for  the  production  of  mica  are 
North  Carolina,  New  Hampshire,  Idaho,  South  Dakota,  Virginia,  Alabama,  New  Yoik, 
Connecticut. 

Muscovite  is  named  from  Vitrum  Muscavilicum  or  Mtucovy^lasSf  formerly  a  popular 
name  of  the  mineral. 

Use.  —  As  an  insulating  material  in  electrical  apparatus;  as  a  non-inflammable  trans- 
parent material  for  furnace  doors,  etc. ;  in  a  finely  divided  form  as  a  non-conductor  of  heat 
and  fifeproofing  material;  mixed  with  oil  as  a  lubricant,  etc. 

Finite.  A  general  term  used  to  include  a  large  number  of  alteration-products  especiaDy 
of  ioUte,  also  spodumene,  nephehte.  scapolite,  feldspar  and  other  minerals.  In  composi- 
tion essentially  a  hydrous  silicate  oi  aluminium  and  potassium  corresponding  more  or  less 
doeelv  to  muscovite,  of  which  it  is  probablv  to  be  regarded  as  a  massive,  compact  vaiiety, 
usually  very  impure  from  the  admixture  of  clay  and  other  substances.  Characters  as  fol- 
lows: Amorphous;  granular  to  cryptocrystalline.  Rarely  a  submicaceous  cleavage.  H.  = 
2'6-3*6.  G.  =  2'0-2'85.  Luster  feeble,  waxy.  Color  grayish  white,  gra}[ish  green,  pea- 
green,  dull  green,  brownish,  reddish.  Translucent  to  opaque.  The  following  are  some  of 
the  minerals  also  classed  as  pinite:  gigaTUolile,  gieseckite  (see  p.  500),  liebeneriie,  dysyrUribUej 
parophite,  rosUe,  polyargite,  wiUonUcy  killinite. 

AgalmatolUe  (pagodite)  is  like  ordinary  massive  pinite  in  its  amorphous  compact  texture, 
luster,  and  other  ph3r8ical  characters,  but  contains  more  silica,  which  may  be  from  free 
quartz  or  feldspar  as  impurity.  The  Chinese  has  H.  =  2-2*5;  G.  =  2*785-2'815.  Colors 
usually  ^ayish,  grayish  green^  brownish,  yellowish.  Named  from  ayakfuty  an  image; 
pagodite  is  from  pagoda,  the  Chinese  carving  the  soft  stone  into  miniature  pagodas,  images, 
etc.  Part  of  the  so-called  agalraatolite  of  China  is  true  pinite  in  composition,  another  part 
is  compact  pyrophyllite,  and  still  another  steatite  (see  tnese  species). 

Paragonite.  A  sodium  mica,  corresponding  to  muscovite  in  composition;  fonnula, 
HiNaAlj(Si04)s.  In  fine  pearly  scales;  also  compact.  G.  =  2 '78-2  90.^  Index,  IW. 
Color  ^/^dlowish,  grayish,  flpreenish;  constitutes  the  mass  of  the  rock  at  Monte'Campione  near 
Faido  in  Canton  Tessin,  Switzerland,  containing  cyanite  and  staurolite;  called  paragonite- 
schist.  Occurs  associated  with  tourmaline  and  corundum  at  Unionville,  Delaware  Co.,  Pa. 
HaUeriiey  a  mica  with  an  iridescent  silver  color  and  pearly  luster.  Perhaps  a  lithium-bear- 
ing paragonite.    Found  at  Mesores,  near  Autun,  France. 

Baddeckite.  an  iron  mica  related  to  muscovite.  In  small  scales  with  a  copper-red  color. 
From  near  Badaeck,  Nova  Scotia. 

LEPIDOLITE.    LithiaMica. 

In  aggregates  of  short  prisms,  often  with  rounded  terminal  faces.  Crys- 
tals sometimes  twins  or  trillings  according  to  the  mica  law.  Also  in  cleavable 
plates,  but  commonly  massive  scaly-granular,  coarse  or  fine. 

.  Cleavage:  basal,  highly  eminent.  H.  =  2  5-4.  G.  =  2 -8-2  9.  Luster 
pearly.  Color  rose-red,  violet-gray  or  lilac,  yellowish,  grayish  white,  white. 
Translucent.  Optically  — .  A^.  pi.  usually  ±  b  (010);  rarely  ||  6.  Bx»  (X) 
inclined  I®  47'  red,  and  1®  33Y  ''ellow  to  normal  to  c  (001).  AxiaJ  angle  lai^, 
from  50^-72°, /3  =  1-5975. 
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Comp.  —  In  part  a  metasilicate,  R3Al(SiOs)8  or  KLi[Al(OH,F),]  Al(SiO,)8. 
The  ratio  of  fluorine  and  hydroxyl  is  variable. 

It  has  been  suggested  that  the  purp  lepidolite  molecule  is  represented  by  3Lii0.2KiO. 
3Al909.8F.12SiOs  and  that  most  lepidohtes  arc  mixtures  of  this  and  the  nkuscovite  molecule. 

Pyr.,  etc.  —  In  the  closed  tube  gives  water  and  reaction  for  fluorine.  B.B.  fuses  with 
intumescence  at  2-2*5  to  a  white  or  grayish  glass  sometimes  magnetic,  coloring  the  flame 
purplish  red  at  the  moment  of  fusion  (lithia).  With  the  fluxes  some  varieties  give  reactions 
lor  u'on  and  manganese.  Attacked  but  not  completely  decomposed  by  acids.  After  fusion, 
gelatinizes  with  hydrochloric  acid. 

Obs.  —  Occurs  in  granite  and  gneiss,  especially  in  granitic  veins;  often  associated  with 
lithia-tourmaline;  also  with  ambly^onite,  spodumene,  cassiterite,  etc.;  sometimes  associ- 
ated with  muscovite  in  parallel  position. 

Found  near  Utd  in  Sweden;  Penig,  Saxony;  Rozena  (or  Roina),  Moravia;  Madagascar, 
etc.  In  the  United  States,  common  in  the  western  part  of  Me.,  in  Hebron,  Auburn,  Paris, 
etc.;  at  Chest^eld,  Mass.;  Middletown  and  Haddam  Neck,  Conn.;  with  rubellite  near 
San  Diego,  Cal. 

Named  lepidolite  from  Xcxtt,  scaUf  after  the  earlier  German  name  Schuppenstein,  allud- 
ing to  the  scaly  structure  of  the  massive  variety  of  Rozena. 

Use.  —  As  a  source  of  Uthimn  compounds. 

CooKEiTB  is  a  micaceous  mineral  occurring  in  rounded  aggregations  on  rubellite,  also 
with  lepidolite.  tourmaline,  etc.,  at  Hebron,  Me.  An  alteration  of  lepidolite  or  tourmaline. 
Composition  Li[Al(OH)J,(SiO,)«. 

Zinnwaldite.  An  iron-lithia  mica  in  form  near  biotite.  Color  pale  violet,  yellow  to 
brown  and  dark  gray.  Occurs  at  Zinnwald  and  Altenberg,  Germany;  similarly  in  Corn- 
wall, England.    From  Narsarsuk,  Greenland,  and  the  York  region,  Alaska. 

Cryophyllite  is  a  related  lithium  mica  from  Rockport.  Mass.  Polyliihionite  is  a  lithium 
mica  from  Kangerdluarsuk,  Greenland.  Irvingite  is  an  alkalie  mica  containing  lithium  from 
near  Wausau,  Wis. 

Manandonite.  A  basic  boro-silicate  of  lithium  and  aluminium,  Hs4Li4Ali4B4Si606s. 
Micaceous.  In  lamellar  aggregates  or  mammillary  crusts  of  hexagonal  plates.  Perfect 
basal  cleavage.  Color  white.  Luster  pearly.  Optically  +•  Axial  angle  small  and  vari- 
able. Easily  fusible  giving  red  flame.  Unattacked  by  acids.  Found  in  pegmatite  at  An- 
tandrokomby,  near  the  Manandona  River,  Madagascar. 

BIOTITE. 

Monoclinic;  pseudo-rhombohedral.  Axes  a  :  6  :  c  =  0*57735  :  1  :  3*2743; 
/3  =  90°. 

Habit  tabular  or  short  prismatic;  the  pyramidal  faces  often  repeated  in 
oscillatory  combination.  Crystals  (rften  apparently  rhombohedral  in  sym- 
metry since  r  (101)  and  z  (132),  z'  (132),  which  are  inclined  to  c  (001)  at  sen- 
sibly the  same  angle,  often  occur  together;  further,  the  zones  to  which  these 
faces  belong  are  inclined  120°  to  each  other,  hence  the  hexagonal  outline  of 
basal  sections.  Twins,  according  to  the  mica  law,  tw.  pi.  a  plane  in  the 
prismatic  zone  ±  c  (001) .  Often  in  disseminated  scales,  sometimes  in  massive 
aggregations  of  cleavable  scales. 
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Cleavage:  basal,  highly  perfect;  planes  of  separation  shown  in  the  percus- 
sion-figure; also  gliding-planes  p  (^05),  f  (135)  shown  in  the  pressure-figure 
inclined  about  66°  to  c  (001)  and  yielding  pseudo-crystalline  forms  (Fig.  489, 
p.  188).  H.  =  2'5r-3.  G.  =  2-7--3-1.  Luster  splendent,  and  more  or  less 
pearly  on  a  cleavage  surface,  and  sometimes  submetallic  when  black;  lateral 
surfaces  vitreous  when  smooth  and  shining.  Colors  usually  green  to  black, 
often  deep  black  in  thick  crystals,  and  sometimes  even  in  thin  laminae, 
unless  the  laminaB  are  very  thin;  such  thin  laminse  green,  blood-red,  or  brown 
by  transmitted  light;  also  pale  yellow  to  dark  brown;  rarely  white.  Streak 
uncolored.    Transparent  to  opaque. 

Pleochroism  strong;  absorption  Y  =  Z  nearly,  for  X  much  stronger. 
Hence  sections  ||  c  (001)  dark  green  or  brown  to  opaque;  those  ±  c  hghter  and 
deep  brown  or  green  for  vibrations  ||  c,  pale  yellow,  green  or  red  for  vibrations 
±  c.  Pleochroic  halos  often  noted,  particularly  about  microscopic  inclusions. 
Optically  — .  Ax.  pi.  usually  1|  6  (010),  rarely  ±  b.  Bxa  i=X)  nearly  coinci- 
dent with  the  normal  to  c  (001),  but  inclined  about  half  a  degree,  sometimes 
to  the  front,  sometimes  the  reverse.  Axial  angle  usually  very  small,  and  oft^n 
sensibly  uniaxial;  also  up  to  50°.    Birefringence  high,  7  —  a  =  0*04  to  0-06. 

Comp.  —  In  most  cases  an  orthosilicate,  chiefly  ranging  between  (H,K)j 
(Mg,Fe)4(Al,Fe)2(Si04)4  and  (H,K)2(Mg,Fe),Al2(Si04)3.  Of  these  the  second 
formula  may  be  said  to  represent  typical  biotite.  The  amount  of  iron  varies 
widely. 

Var.  —  Biotite  is  divided  into  two  classes  bv  Tschennak: 

I.  Meroxene.  Axial  olane  ||  6  (010).  II.  ANOinTE.  Ax.  pi.  ±  b  (010).  Of  these 
two  kinds,  meroxene  includes  nearlv  all  ordinary  biotite,  while  anomite  is,  so  far  as  yet 
observed,  of  restricted  occurrence,  tne  typical  localities  being  Greenwood  Furnace,  Orange 
Co.,  N.  Y.,  and  Lake  Baikal  in  East  Siberia.  Meroxene  is  a  name  early  given  to  the  Vesu- 
vian  biotite.    Anomite  is  from  avoiwty  contrary  to  law. 

HaughUmiie  and  SiderophyUite  are  kinds  of  biotite  containing  much  iron. 
ManganophyUite  is  a  manganesian  biotite.    Occurs  in  aggregations  of  thin  scales.     Color 
bronze-  to  copper-red.    Streak  pale  red.     From  Pajsberg  and  L&ngban,  Sweden;  Pied- 
mont, Italy. 

Pyr.,  etc.  —  In  the  closed  tube  gives  a  little  water.  Some  varieties  give  the  reaction  for 
fluorme  in  the  open  tube;  some  kinds  give  little  or  no  reaction  for  iron  with  the  fluxes,  while 

others    give    strong    reactions     for     iron.     B.  B. 
961  '  whitens  and  fuses  on  the  thin  edges.     Completely 

decomposed  by  sulphuric  acid,  leaving  the  sdica  in 
thin  scales. 

Diff .  —  Distinguished  by  its  dark  green  to  brown 
and  black  color  and  micaceous  structure,  usually 
nearly  uniaxial. 

l&cro.  —  Recognized   in  thin  sections  by   its 

-^ t  .^ 1 ,^-     brown  (or  green)  color:    strong  pleochroism  and 

^'*"       ' '  ~ — ^'       '  .strong  absorption  parallel  to  the  elongation  (unlike 

tourmaline).  Sections  ||  c  (001)  are  non-pleochroie. 
commonly  exhibit  more  or  less  distinct  hexagonal 
outlines  and  yield  a  negative  sensibly  uniaxial  figure. 
Sections  ±  c  are  strongly  pleochroic  and  are  marked 
by  fine  parallel  cleavage  lines  (Fig.  961) ;  they  also 
have  nearly  parallel  extinction,  and  show  high 
polarization  colors;  by  reflected  li^t  they  exhibit 
a  peculiar  motiicU  Oi-  watered  sheen  wnich  is  very  characteristic  and  aids  m  distinguishing 
them  from  brown  hornblende. 

Obs.  —  Biotite  is  an  important  constituent  of  many  different  kinds  of  igneous  rocks, 
especially  those  formed  from  ma^as  containing  considerable  potash  and  magnesia. 
Common  in  certain  varieties  of  granites,  syenite,  diorite,  etc.,  of  the  massive  granular  type; 
also  in  rhyolite,  trachyte,  and  andesite  among  the  lavas;  in  minettes,  kersantites,  etc.  It 
occurs  also  as  the  product  of  metamorphic  action  in  a  variety  of  rocks.     It  is  not  infre- 


I 


SILICATES  565 

quently  associated  in  parallel  position  with  muscovite,  the  latter,  for  example,  forming  the 
outer  portions  of  plates  having  a  nucleus  of  biotite. 

Some  of  the  prominent  locaUties  of  crystallized  biotite  are  as  follows:  Vesuvius,  com- 
mon particularly  in  ejected  limestone  masses  on  Monte  Somma,  with  augite,  chrysoUte, 
nephdite,  humite^  etc.  The  crystals  are  sometimes  nearly  colorless  or  yellow  and  then 
usually  complex  m  form;  also  dark  ^een  to  black;  Mt.  Monzoni  in  the  Fassatal  and 
Schwarzenstein,  Zillertal,  Tyrol,  Austria;  Rezbdnya  and  Morawitza  in  Hungary;  in  Grer- 
many  at  Schelingen  and  other  points  in  the  Kaiserstuhl  and  the  Laach^  See;  on  the  west 
side  of  Lake  Ilmen  near  Miask,  Russia. 

In  the  United  States  ordinary  biotite  is  common  in  gramte,  gneiss^  etc.;  but  notable 
locaUties  of  distinct  crystals  are  not  numerous.  It  occurs  with  muscovite  (which  see)  as  a 
more  or  less  prominent  constituent  of  the  p^matite  veins  in  the  New  England  States:  also 
Pennsylvania,  Virginia,  North  Carolina.  From  Greenwood,  Orange  Co.,  N.  Y.  Sidero- 
phyllile  is  from  the  Pike's  Peak  region,  Col. 

Caswelute.    An  altered  biotite  from  Franklin  Furnace,  N.  J. 

PHLOGOPITE. 

Monoclinic.  In  form  and  angles  near  biotite.  Crystals  prismatic,  taper- 
ing; often  large  and  coarse;  in  scales  and  plates. 

Cleavage:  basal,  highly  eminent.  Thin  laminsB  tough  and  elastic.  H.  = 
2*5-3.  G.  =  2-78-2 '85.  Luster  pearly ,  often  submetalUc  on  cleavage  surf  ace. 
Color  yellowish  brown  to  brownish  red,  with  often  something  of  a  copper-like 
reflection;  also  pale  brownish  yellow,  green,  white,  colorless.  Often  exhibits 
asterism  in  transmitted  light,  due  to  regularly  arranged  inclusions.  Pleo- 
chroism  distinct  in  colored  varieties:  Z  brownish  red,  Y  brownish  green,  X 
yellow.  Absorption  Z  >  Y  >  X.  Optically-.  Ax.  pi.  ||  6  (010).  Bx. 
nearly  ±  c  (001).  Axial  angle  small  but  variable  even  in  the  same  specimen, 
from  0^  to  50**.  Dispersion  p  <  v.  The  axial  angle  appears  to  increase  with 
the  amount  of  iron.    Indices  variable,  from  1  •541-1-638. 

Comp.  —  A  magnesiiun  mica,  near  biotite,  but   containing  Uttle  iron; 

potassium  is  prominent  as  in  all  the  micas,  and  in  most  cases  fluorine.    Typi- 

I  I 

cal  phlogopite  is  R«Mg8Al(Si04)3,  where  R  =  H,K,MgF. 

Obs.  —  Phlogopite  is  especially  characteristic  of  cr^^stalline  limestone  or  dolomite.  It 
is  often  associated  with  pyroxene,  amphibole,  serpentine,  etc.  Thus  as  at  Pargas,  Fin- 
land; in  St.  Lawrence  Co.  and  Jefferson  Co.,  N.  Y.;  Franklin,  N.  J.;  also  Burgess,  Ontario, 
and  elsewhere  in  Canada. 

Named  from  0Xo7a>iros,  jire4ike,  in  allusion  to  the  color. 

The  asterism  of  phlogopite,  seen  when  a  candle-flame  is  viewed  through  a  thin  sheet,  is 
a  common  character,  particularly  prominent  in  the  kinds  from  northern  New  York  and 
Canada.  It  has  been  shown  to  be  due  to  minute  acicular  inclusions,  rutile  or  tourmaline, 
arranged  chiefly  in  the  direction  of  the  ra3rs  of  the  pressure-fi^re,  producing  a  distinct  six- 
rayed  star;  also  parallel  to  the  lines  of  the  percussion-figure,  giving  a  secondary  star,  usually 
less  prominent  tnan  the  other. 

TaenioUte.  Essentially  a  potassium-masnesium  silicate.  Monoclinic,  belonging  to  the 
mica  group.  Perfect  basaJ  cleavage.  FoBa  somewhat  elastic.  H.  =  2-5-3.  G.  =  2*9. 
Colorless.    Fusible.    From  Narsarsuk,  southern  Greenland. 

Lepidomelane.    Near  biotite,  but  characterized  6y  the  large  amoimt  of  ferric  iron 

E resent.    From  Langesund  fiord,  Norway;  Haddam,  Conn.    AnnUe  from  Cape  Ann,  Mass., 
elongs  here.    In  small  six-sided  tables,  or  an  aggregate  of  minute  scales.    H.  =  3.    G. 
—  3'()--3'2.    Color  black,  with  occasionally  a  leek-green  reflection. 

Alurgite.  A  manganese  mica  from  St.  Marcel,  Piedmont,  Italy.  Color  copper-red. 
Index,  1'59.    Mariposite  may  belong  here. 


Roscoelite.    A  vanadium  mica;  essentially  a  muscovite  in  which  vanadium  has  partly 
replaced  the  aluminium.    In  minute  scales;  structure  micaceous.    G.  »  2 '92-2 '94.    Color 
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clove-brown  to  flreeiush  brown.    Indices,  1*610-1704.    Occurs  in  Cal.  at  the  gold  mine  &i 
Granite  Creek,  Placerville,  and  elsewhere,  El  Dorado  Co. 


2.    Clintonite  Group.     Monoclinic 

The  minerals  here  included  are  sometimes  called  the  Brittle  Micas.  They 
are  near  the  micas  in  cleavage,  crystalline  form  and  optical  properties,  but  are 
marked  physically  by  the  brittleness  of  the  laminse,  and  chemically  by  their 
basic  character. 

In  several  respects  they  form  a  transition  from  the  micas  proper  to  the 
chlorites.  Margarite,  or  calcium  mica,  is  a  basic  silicate  of  aluminium  and 
calcium,  while  Chloritoid  is  a  basic  silicate  of  aluminium  and  ferrous  iro*. 
(with  magnesium),  Uke  the  chlorites. 


MARGARITE. 

Monoclinic.  Rarely  in  distinct  crystals.  Usually  in  intersecting  or 
aggregated  laminsB;  sometimes  massive,  with  a  scaly  structure. 

Cleavage:  basal,  perfect.  Laminse  rather  brittle.  H.  =  3*5-4 '5.  G.  = 
2  •99-3*08.  Luster  of  base  pearly,  of  lateral  faces  vitreous.  Color  grayish, 
reddish  white,  pink,  yellowish.     Translucent,  subtranslucent. 

Optically  — .  Ax.  pi.  ±  b  (010).  Bx*  approximately  ±  c  (001),  but  var\'- 
ing  more  widely  than  the  ordinary  micas.  A  A  c  axis  =  +  6i°.  Dispersion 
p  <  V,  Axial  angle  large,  from  76°  to  128°  in  air.  Refractive  index  /3  =  1  -64- 
1*65. 

Comp.  —  H2CaAl4SisOi2  =  SiUca  302,  alumina  513,  lime  140.  water 
4-5  =  100. 

Pvr.,  etc.  —  Yields  water  in  the  closed  tube.  B.B.  whitens  and  fuses  on  the  edges. 
Slowlv  and  imperfectly  decomposed  by  boiling  hydrochloric  acid. 

Obs.  —  Associated  commonly  with  corundum,  and  in  many  cases  obviously  formed 
directly  from  it;  thus  at  the  emery  deposits  of  Gumuch-dagh  m  Asia  Minor,  the  islands 
Naxos,  Nicaria,  etc.  Occurs  in  chlorite  of  Mt.  Greiner.  Sterzing,  Tyrol.  In  the  United 
States  at  the  emery  mine  at  Chester,  Mass. ;  at  Unionville,  Chester  Co.,  Pa. ;  with  corun- 
dum in  Madison  Co.  and  elsewhere  in  N.  C;  at  Gainesville,  Hall  Co.,  Ga.;  at  Dudleyvillc, 
Ala. 

Named  Margarite  from  fiapyapinjSt  pearL 

SETBBRHTE.    Clintonite.    Brandisite. 

Monoclinic,  near  biotite  in  form.  Also  foliated  massive;  sometimes 
lamellar,  radiate. 

Cleavage:  basal,  perfect.  Structure  foliated,  micaceous.  Laminae  brittle. 
Percussion-  and  pressure-figures,  as  with  mica.  H.  =  4-5.  G.  =  3-31. 
Luster  pearly  submetallic.  Color  reddish  brown,  yellowish,  copper-red. 
Streak  imcolored,  or  slightly  yellowish  or  grayish.  Pleochroism  rather  feeble. 
Optically  — .  Ax.  pi.  ±  b  (010)  seyberiite;  \\  b  brandisite.  Bx»  nearly  ±  c 
(001).  Axial  angles  variable,  but  not  large,  a  =  1*646.  fi  =  1'657.  y  = 
1-658. 

Var.  —  1.  The  Amity  seyberiiie  (dinfonite)  is  in  reddish  brown  to  copper-red  biitUe  foli- 
ated masses;  the  surfaces  of  the  folia  often  marked  with  equilateral  triangles  like  some 
mica  and  chlorite.    Axial  angle  S^-IS". 

2.  Brandisite  (di9territe)j  from  the  Fassatal,  T3rrol,  is  in  hexagonal  prisms  of  a  yellowish 

reen  or  leek-^een  color  tx)  reddish  gray;    H.  =  5  of  base;   of  sides,  6-6 '5.    Ax.  pi. 
b  (010).    Axial  angle  15^-30^.    Some  of  it  pseudomorphous,  after  fassaite. 
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Camp.  —  In  part  Hs(Mg,Ca)6Al6Si20i8  =  3H2O.10(Mg,Ca)O.5Al2O8. 
4Si02. 

Pyr.,  etc.  —  Yields  water.  B.B.  infusible  but  whitens.  In  powder  acted  on  by  con- 
centrated acids. 

Obs.  —  SeybertUe  occurs  at  Amity,  N.  Y.,  in  limestone  with  serpentine,  associated  with 
amphibole,  spinel,  p3rroxene,  graphite,  etc.;  also  a  chlorite  near  leuchtenbergite.  Brandts-* 
ite  occurs  on  Mt.  Monzoni  in  the  Fassatal,  Tyrol,  Austria,  in  white  limestone,  with  fassaite 
and  black  spinel. 

Xanthophyllite.  Perhaps  Hs(Mg,Ca)i4Ali6Si«Ois.  The  original  xanLhovhyUUe  is  in 
crusts  or  in  implanted  globular  forms.  Optically  negative.  AxuJ  angle  usually  very  small, 
or  sensibly  uniaxial;  sometimes  20°.  Indices,  -1 '649-1 '661.  From  near  Zlatoust  in  the 
Ural  Mts.    Found  at  Crestmore,  Riverside  Co.,  Cal. 

WaluewUe  is  the  same  species  occurring  in  distinct  pseudo-rhombohedral  crystals.  Folia 
brittle.  H.  =  4*6.  G.  —  3*093.  Luster  vitreous:  on  cleavage  plane  pearly.  Color  leek- 
to  bottle-green.  Transparent  to  translucent.  Pleochroism  rather  feeble:  ||  c  ans  fine 
green;  ±  c  axis  reddish  brown.  Optically  — .  Ax.  pi.  ||  6  (010).  Bx  sensibly  X  c  (001). 
Axial  angle  17°  to  32°.  Found  with  perovskite  and  other  species  in  chloritic  schists  near 
Achmatovsk,  in  the  southern  Ural  Mts. 

CHLORITOID.    Ottrelite.    Phyllite. 

Probably  triclirdc.  Rarely  in  distinct  tabular  crystals,  usually  hexagonal 
in  outline,  often  twinned  with  the  individuals  turned  in  azimuth  120°  to  each 
other.  Crystals  grouped  in  rosettes.  Usually  coarsely  foliated  massive; 
foUa  often  curved  or  bent  and  brittle;  also  in  thin  scales  or  small  plates  dis- 
seminated through  the  containing  rock. 

Cleavage:  basal,  but  less  perfect  than  with  the  micas;  also  imperfect 
parallel  to  planes  inclined  to  the  base  nearly  90°  and  to  each  other  about  60°; 
b  (010)  difficult.  Laminse  brittle.  H.  =  65.  G.  =  3-52-3-57.  Color  dark 
gray,  greenish  gray,  greenish  black,  grayish  black,  often  grass-^reen  in  very 
thin  plates.  Streak  uncolored,  or  grayish,  or  very  slightly  greenish.  Luster 
of  surface  of  cleavage  somewhat  pearly. 

Pleochroism  strong:  Z  yellow  green,  Y  indigo-blue,  X  olive-green.  Opti- 
cally +.  Ax.  pi.  nearly  1 1  b  (010).  Bx*  inclined  about  12°  or  more  to  the  nor- 
mal to  c  (001).  Dispersion  f>  >  v,  large,  also  horizontal.  Axial  angles,  in  air 
65°  to  120°.    /3  =  175.    Birefringence  low,  7  -  a  =  0007-0-016. 

Comp.  —  For  chloritoid  H2(Fe,Mg)Al2Si07.  If  iron  alone  is  present, 
this  requires:  Silica  23*8,  alumina  40*5,  iron  protoxide  28*5,  water  7*2  =  100. 

Micro.  —  Recognized  in  thin  sections  by  the  crystal  outlines  and  funeral  micaceous 
appearance;  high  reUef ;  green  colors;  distinct  cleavage;  frequent  twinning;  strong  phleo- 
chroism  and  low  interference-colors.  By  the  last  character  readily  distinguished  from  the 
micas;  also  by  the  high  relief  and  extinction  oblique  to  the  cleavage  from  the  chlorites. 

Obsi  —  Chloritoid  (ottrelite,  etc.)  are  characteristic  of  sedimentary  rocks  which  have 

suffered  dynamic  metamorphism,  especially  in  the  earlier  stages;  thus  found  in  argillites. 

conglomerates,  etc.,  which  have  assumed  the  schistose  condition.    With  more  advancea 

,de^ee  of  metamorphism  it  disappears.'    Often  grouped  in  fan-shaped,  sheaf -like  forms,  also 

in  irregular  or  rounded  grains. 

The  ori^nal  cfdaritoid  from  Kosoibrod^  near  Ekaterinburg  in  the  Ural  Mts.,  is  in  large 
curving  laminse  or  plates,  grayish  to  blackish  green  in  color,  often  spotted  with  yellow  from 
mixture  with  limonite.  Other  localities  are  He  le  Groix  (Morbihan)^  France;  embedded  in 
large  crystals  at  Vanlup,  Shetland;  Ardennes,  France,  and  Belgium,  m  schists  with  ottrelite; 
also  from  Upper  Michigan*  Leeds,  Canada,  etc. 

Sismondine  (HuFeiMi^uOu)  is  from  St.  Marcel,  Piedmont,  Italy;  it  occurs  also  with 
glaucophane  at  Zermatt  in  the  Valais,  Switzerland,  and  elsewhere. 

Salmite  is  a  manganesian  variety  occurring  in  irregular  masses,  having  a  coarse  saccha- 
roidal  structure  and  grayish  color.     G.  -  3 '38.    From  Vielsalm.  Belgium. 

AfasoniUj  from  Natic,  R.  I.,  is  in  very  broad  plates  of  a  dark  grayish  green  color,  but 
bluish  ^een  in  very  thin  laminse  parallel  to  c  (001)  and  grayish  green  at  right  angles  to  this; 
occurs  m  argillaceous  schist. 
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OUrdite  is  generally  classed  with  chloritoid.  though  it  is  not  certain  that  they  are  idesi- 
tical;  it  seems  to  have  the  composition  Hs(Fe|Mn)A]tSit09.  It  occurs  in  small,  oblong 
shining  scales  or  plates,  more  or  less  hexagonal  in  form  and  gray  to  black  in  color;  in  ar^- 
laceous  schist  near  Ottrez,  on  the  borders  of  Luxemburg,  and  from  the  Ardennes,  Franr^, 
and  Belgium;  also  near  Serravezza,  Tuscany,  Italy;  Tintagel  in  Cornwall.  VenasquiU  \s 
from  Venasque  in  the  Pyrenees,  and  from  Teul6,  Finist^re,  France.  PhyUite  is  from  the 
schists  of  New  England. 


3«   Chlorite  Group.     Monoclinic 

The  Chlorite  Group  takes  its  name  from  the  fact  that  a  large  part  of  the 
minerals  included  in  it  are  characterize^  by  the  green  color  conmion  with  sili- 
cates in  which  ferrous  iron  is  prominent.  The  species  are  in  many  respects 
closely  related  to  the  micas.  They  crystallize  in  the  monoclinic  system,  but 
in  part  with  distinct  monoclinic  symmetry,  in  part  with  rhombohedral  symme- 
try, with  corresponding  uniaxifd  optical  character.  The  plane  angles  of  the 
base  are  also  60^  or  1!^^,  marking  the  mutual  inchnations  of  the  chief  zones 
of  forms.  The  mica-like  basal  cleavage  is  prominent  in  distinctly  crystallized 
forms,  but  the  lamihse  are  tough  and  coinparatively  inelastic.  Percussion 
and  pressure-figures  may  be  obtained  as  with  the  micas  and  have  the 
same  orientation.  The  etching-figures  are  in  general  monoclinic  in 
symmetry,  in  part  also  asymmetric,  suggesting  a  reference  to  the  triclinic 
system. 

Chemically  considered  the  chlorites  are  silicates  of  aluminium  with  ferrous 
iron  and  magnesium  and  chemically  combined  water.  Ferric  iron  may  be 
present  replacing  the  aluminium  in  small  amount;  chromium  enters  similarly 
in  some  forms,  which  are  then  usually  of  a  pink  instead  of  the  more  common 
green  color.  Manganese  replaces  the  ferrous  iron  in  a  few  cases.  Calcium 
and  alkaUes  —  characteristic  of  all  the  true  micas  —  are  conspicuously  absent, 
or  present  only  in  small  amount. 

The  only  distinctly  crystalUzed  species  of  the  Chlorite  Group  are  CUno- 
chlore  and  Penninite.  These  seem  to  have  the  same  composition,  but  while 
the  former  is  monoclinic  in  form  and  habit,  the  latter  is  pseudo-rhombohedral 
and  usually  uniaxial.  Prochlorite  (including  some  ripidohte)  and  Corundo- 
philite  also  occur  in  distinct  cleavage  masses. 

Besides  the.  species  named  there  are  other  kinds  less  distinct  in  form,  occur- 
ring in  scales,  also  fibrous  to  massive  or  earthy;  they  are  often  of  more  or  less 
undetermined  composition,  but  in  many  cases,  because  of  their  extensive  occur- 
rence, of  considerable  geological  importance.  These  latter  forms  occur  as 
secondary  minerals  resulting  from  the  alteration  especially  of  f erro-magnesian 
siUcates,  such  as  biotite,  pyroxene,  amphilDoIe;  also  garnet,  vesuvianite,  • 
etc.  They  are  often  accompanied  by  other  secondary  minerals,  as  ser- 
pentine, limonite,  calcite,  etc.,  especially  in  the  altered  forms  of  basic 
rocks. 

The  rock-making  chlorites  are  recognized  in  thin  sections  by  their  charac- 
teristic appearance  in  thin  leaves,  scales  or  fibers,  sometimes  aggregated  into 
spheruUtes;  by  their  greenish  color;  pleochroism;  extinction  parallel  to  the 
cleavage  (unUke  chloritoid  and  ottreUte) ;  low  relief  and  extremely  low  inter- 
ference-colors, which  frequently  exhibit  the  "  ultra-blue. "  By  this  latter  char- 
acter they  are  readily  distinguished  from  the  micas,  which  they  strongly 
resemble  and  with  which  they  are  frequently  associated. 
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CLINOCHLORE.    Ripidolite  in  part. 
Monoclinic.    Axes  a:b:c  =  0-57735  :  1  :  2  2772;  /3  =  89°  40'. 
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Crystals  usually  hexagonal  in  form,  often  tabular  ||  c  (001).  Plane  angles 
of  the  basal  section  =  60  or  120°,  and  since  closely  similar  angles  are  found  in 
the  zones  which  are  separated  by  60°,  the  symmetry 
approximates  to  that  of  the  rhombohedral  system. 

Twins;  (1)  Mica  law,  tw.  pi.  ±  c  (001)  in  the  zone 
cmo  001  A  112;  sometimes  contact-twins  with  c  as  com- 
position face,  the  one  part  revolved  60°  or  a  multiple  of 
60°  in  azimuth  with  reference  to  the  other;  also  in  three- 
fold twins.  (2)  Penninite  law,  tw.  pi.  c,  contact-twins 
also  united  by  c  (Fig.  954);  here  corresponding  faces 
differ  180°  in  position.  Massive,  coarse  scaly  granular 
to  fine  granular  and  earthy. 

Cleavage:  c  (001)  highly  perfect.  Laminae  flexible 
tough,  and  but  slightly  elastic.  Percussion-figure  and 
pressure-figures  orientated  as  with  the  micas  (p.  569).  H.  =  2-2'5, 
G.  =  2*66-2-78.  Luster  of  cleavage-face  somewhat  pearly.  Color 
deep  grass-green  to  olive-green;  pale  green  to  yellowish  and  white; 
also  rose-red.  Streak  greenish  wlute  to  uncolored.  Transparent  to 
translucent.  Pleochroism  not  strong,  for  green  varieties  usually  X  green,  Z 
yellow.  Optically  usually  -f-.  Ax.  pi.  in  most  cases  ||  6  (010).  Bxa  inclined 
somewhat  to  the  normal  to  c  (001),  forward;  for  Achmatovsk  2°  30'.  Disper- 
sion p  <  V.  Axial  angles  variable,  even  in  the  same  crystal,  0°-90°;  some- 
tunes  sensibly  uniaxial.  Birefringence  low.  Indices  approximately;  a  = 
1-585.    P  =  1-586.     7  =  1-596. 

Var.  —  1.  Ordinary;  green  clinochlore,  passing  into  bluish  green;  (a)  in  crystals,  as 
described,  usually  with  distinct  monoclinic  symmetry;   (6)  foliated;   (c)  massive. 

Leuchtenbergite.  Contains  usually  little  or  no  iron. .  Color  white,  pale  green,  yellowish; 
often  resembles  talc.    From  near  Zlatoust  in  the  Ural  Mts. 

KotschubeUe.  Contains  several  per  cent  of  chromium  oxide.  Crystals  rhombohedral 
in  habit.    Color  rose-red.     From  the  southern  Ural  Mts. 

Manganiferaus.  Manganchlorite.  A  chlorite  from  the  Harstig  mine  near  Pajsberg, 
Sweden,  is  peculiar  in  containing  2*3  p.  c.  MnO. 

Comp.  —  Normally  HgMgBAUSijOig  =  4H20.5MgO.Al203.3Si02  =  Sihca 
32*5,  alumina  18*4,  magnesia  36*1,  water  13-0  =  100.  Ferrous  iron  usually 
replaces  a  small  part  of  the  magnesia,  and  the  same  is  true  of  manganese  rarely; 
sometimes  chromium  replaces  the  aluminium. 

Pyr.,  etc.  —  Yields  water.  B.B.  in  the  platinum  forceps  whitens  and  fuses  with  diffi- 
culty on  the  edges  to  a  grayish  black  glass.  With  borax,  a  clear  glass  colored  by  iron, 
and  sometimes  chromium.     In  sulphuric  acid  wholly  decomposed. 

Micro.  —  In  thin  sections  characterized  by  pale  green  color  and  pleochroism;  dis- 
tinctly biaxial  and  usually  +. 
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Obs.  —  Occurs  in  connection  with  chloritic  and  talcose  rocks  or  schists  and  aerpefi- 
tine;  sometimes  in  parallel  position  with  biotite  or  phlogopite.  Prominent  localities  are: 
Achmatovsk  in  the  Ural  Mts.;  Ala  in  Piedmont,  Italy;  the  Zillertal,  Tyrol,  Austria;  Zer- 
matt,  Switzerland;  Marienberg,  Saxony;  Zoptau,  Moravia.  A  manganesian  variety  occurs 
at  Pajsberg,  Sweden. 

In  the  United  States,  at  Westchester^  Pa.,  in  large  crystals  and  plates;  also  Union viilr 
and  Texas,  Pa.;  at  the  magnetic  iron  mme  at  Brewster,  N.  Y.,  in  part  changed  to  serpai- 
tine;  near  Lowell,  Ver.,  in  crystals. 

PENinNTTE.     Pennine. 

Apparently  rhombohedral  in  form  but  strictly  pseudo-rhombohedral  and 

monoclinic. 

Habit  rhombohedral:   sometimes  thick  tabular  with  c  (001)  prominent. 

again   steep   rhombohedral;     also   in 
957  tapering  sixnsided  p3rramids.    Rhomlx>- 

h^lral  faces  often  horizontally  striated. 

Crystals"    often    in    crested     g?"oups. 

Also  massive,  consisting  of  an  a^re- 

gation  of  scales;   also  compact  cr>'pto- 

crystalline. 

Cleavage:    c  (001)  highly  perfect. 

Laminse     flexible.       Percussion-figure 
Texas  Zermatt  and  pressure-figure  as  with  clinoclilore 

but  less  easy  to  obtain;  not  elastic. 
H.  =  2-2*5.  G.  =  2-6-2-85.  Luster  of  cleavage-surface  pearly;  of  lateral 
plates  vitreous,  and  sometimes  brilliant.  Color  emerald-  to  olive-g^-een; 
also  violet,  pink,  rose-red,  grayish  red;  occasionally  yellowish  and  silver- 
white.  Transparent  to  subtranslucent.  Pleochroism  distinct:  usually  i[  c 
(001)  green;  i.  c  yellow.  Optically  +,  also  — ,  and  sometimes  both  in  adja- 
cent laminaB  of  the  same  crystal.  Usually  sensibly  uniaxial,  but  sometimes 
distinctly  biaxial  (occasionally  2E  =  61**)  and  both  in  the  same  section. 
Sometimes  a  uniaxial  nucleus  while  the  border  is  biaxial  with  2E  =  36°,  the 
latter  probably  to  be  referred  to  chnochlore.     Indices  1*576  and  1*579. 

Var.  —  1.  PenniniUf  as  iirst  named,  included  a  gjeen  crystallized  chlorite  from  the 
Penninine  Alps. 

K'dmmererUe,  In  hexagonal  forms  bounded  by  steep  six-sided  pyramids.  Color 
kermes-red;  peach-blossom-red.  Pleochroism  distinct.  Optically  —  from  Lake  Itkul, 
Bisersk,  Perm,  Russia;  -h  Texas,  Pa.  Uniaxial  or  biaxial  with  axial  angle  up  to  20**.  Rho- 
dophylnte  from  Texas,  Pa.,  and  rhodochrome  from  Lake  Itkul  belong  here. 

Pseudophite  is  compact  massive,  without  cleavage,  and  resembles  serpentine. 

Comp.  —  Essentially  the  same  as  clinochlore,  H8(Mg,Fe)5Al2Si«Oi8. 

Pyr.,  etc.  —  In  the  closed  tube  yields  water.  B.B.  exfoliates  somewhat  and  is  diffi- 
cultly fusible.  With  the  fluxes  all  varieties  give  reactions  for  iron,  and  many  varieties  react 
for  chromium.     Partially  decomposed  by  hydrochloric  and  completely  by  sulphuric  acid. 

Micro.  —  In  thin  sections  shows  pale  green  color  and  pleochroism;  usually  nearly 
uniaxial,  — . 

Obs.  —  Occurs  with  serpentine  in  the  region  of  Zermatt,  Valais,  Switzerland,  near 
Mt.  Rosa,  especially  in  the  moraines  of  the  Findelen  glacier;  crj'Stals  from  Zermatt  are 
sometimes  2  in.  long  and  1}  in.  thick;  also  at  the  foot  of  the  Simplon  Pass,  Switzerland;  at 
Ala,  Piedmont,  Itmy,  with  clinochlore;  at  Schwarzenstein  in  Tyrol,  Austria;  at  Taberg 
in  Wermland,  Sweden;  at  Snarum,  Norway,  greenish  and  foliated. 

Kammererite  is  found  at  the  localities  already  mentioned;  also  near  Miask  in  the  Ural 
Mts.;  at  Haroldswick  in  Unst,  Shetland  Isles.  In  large  ciystals  enclosed  in  the  talc  in 
crevices  of  the  chromite  from  Kraubat,  Styria.  Abundant  at  Texas,  Lancaster  Co.,  Pa,, 
sdong  with  clinochlore,  some  crystals  being  embedded  in  clinochlore,  or  the  reverse.    Also 
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in  N.  C,  with  chromite  at  Culsagee,  Maoon  Co.;  Webeter,  Jackson  Co.;  and  other  points. 
From  Washington,  Cal. 

PROCHLORITE.    Ripidolite  in  part. 

Monoclirdc.  In  six-sided  tables  or  prisms,  the  side  planes  strongly  fur- 
rowed and  dull.  Crystals  often  implanted  by  their  sides,  and  in  divergent 
groups,  fan-shaped,  vermicular,  or  spheroidal.  Also  in  large  foUa.  Massive, 
foliated,  or  granular. 

H.  =  1-2.  G.  =  2 •78-2 -96.  Translucent  to  opaque;  transparent  only  in 
very  thin  folia.  Luster  of  cleavage  surface  feebly  pearly.  Color  green,  gras&- 
green,  olive-green,  blackish  green;  across  the  axis  by  transmitted  light  some- 
times red.  Streak  uncolored  or  greenish.  Laminse  flexible,  not  elastic. 
Pleochroism  distinct.  Optically  +  in  most  cases.  Bx  inclined  to  the  normal 
to  c  (001)  some  2**.  Axial  angle  small,  often  nearly  uniaxial;  again  2E  =  23**- 
30°.    Dispersion  p  <  v. 

Comp.  —  Lower  in  silicon  than  clinochlore,  and  with  ferrous  iron  usu- 
ally, but  not  always,  in  large  amount. 

Obs.  —  Like  other  chlorites3  in  modes  of  occurrence.  Occasionally  formed  from  amphi- 
bole.  Sometimes  in  implanted  crystals,  as  at  St.  Gothard,  Switzerland,  enveloping  often 
adularia,  etc.;  Mt.  Gremer  in  the  Zillertal,  T3rrol,  Austria;  Rauris  in  Salzburg,  Austria; 
Traversella  in  Piedmont,  Italy;  at  Mts.  Sept  Lacs  and  St.  Cristophe  in  Dauphin^.  France; 
in  St3rria,  Bohemia.  Also  massive  in  Cornwall,  England,  in  tin  veins;  at  Arendal  in  Nor- 
way; Salberg  and  Dannemora,  Sweden;  DognacsKa,  Hungary.  In  Scotland  at  various 
p>omts.  In  the  United  States,  near  Washington,  D.  C.;  on  Castle  Mt.,  Batesville,  Va.,  a 
massive  form  resembling  soapstone,  color  grayish  green,  feel  greasy:  Steele's  mine.  Mont- 
gomery Co.,  N.  C;  also  with  corimdum  at  the  Culsagee  mine,  in  broad  plates  ot  a  dark 
(P*een  color  and  fine  scaly;  it  differs  from  ordinary  procniorite  in  the  small  amount  of  ferrous 
iron. 

Conmdopkilite.  A  chlorite  occurring  in  deep  green  laminae  resembling  clinochlore  but 
more  brittle;  contains  but  24  p.  c.  SiOs.  /?  »  1*583.  Occurs  with  corundum  at  Chester, 
Mass. 

Amesffe.  H4(Mg,Fe)sAltSi09.  Silica  21'4  p.  c.  In  hexagonal  plates,  foliated,  resem- 
bling the  green  talc  from  the  Tyrol.  H.  »  2*5-3.  G.  »  2*71.  Color  apple-green.  Luster 
pcany  on  cleavage  face.  Optically  -hi  sensibly  uniaxial.  Occurs  with  diaspore  at  Chester, 
Mass. 

Sheridanite.    a  chlorite  from  Sheridan  Co.,  Wy.,  containing  onl}*^  little  iron. 

Other  CHLORrrES.  Besides  the  chlorites  already  described  which  occur  usually  in 
distinct  crystab  or  plates,  there  are,  as  noted  on  p.  ^68,  forms  varying  from  fine  scaly  to 
fibrous  and  earthy,  which  are  prominent  in  rocks.  In  some  cases  they  may  belong  to  the 
species  before  described,  but  frequently  the  want  of  sufficient  pure  material  has  left  their 
composition  in  doubt.  These  chlorites  are  commonly  characterized  by  their  green  color, 
distmct  pleochroism  and  low  birefringence  (p.  568). 

The  following  are  names  which  have  been  given  particularly  to  the  chlorites  filling 
cavities  or  seams  in  basic  igneous  rocks:  apkrosiderUe,  diabantiUf  aeleasUef  epichlorite,  eural- 
ite,  ctdorophcnie,  huUiUf  vycnochlorUe. 

The  following  are  other  related  minerals. 

Moravite.  2Fe0.2(Al,Fe)20s.7SiOs.2HiO.  In  lamellar,  scaly  and  granular  forms  with 
perfect  basal  cleavage.  H.  »  3*5.  G.  »  2*4.  Color  iron-black.  Fuses  difficultly. 
Found  at  iron  mines  of  Gobitschau  near  Sternberg,  Moravia. 

Cronstedite.  4FeO.2Fe2O3.3SiO2.4H1O.  Occurs  tapering  in  hexagonal  p3rramids;  also 
in  diverging  groups;  amorphous.  Cleavage:  basal,  highly  perfect.  Thin  laminse  elastic. 
G.  »  3*34-3*35.  Color  coal-black  to  brownish  black;  oy  transmitted  light  in  thin  scales 
emerald-green.  Streak  dark  olive-green.  /9  —  1*80.  From  Pribram  in  Bohemia;  also  in 
Cornwall,  England. 

Thfkringite.  8Fe0.4(Al,F6)20s.6Si02.9H20.  Massive;  an  aggregation  of  minute  pearly 
scales.  Color  olive-green  to  pistachio-green.  /9  —  1*63.  From  near  Saalfeld,  in  Thurin- 
gia;  Hot  Springs,  Ark.,  etc.;  from  the  metamorphic  rocks  on  the  Potomac,  near  Harper's 
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Ferry  (owemU).    StUpnoekUfran  is  name  given  to  an  altefation  product  of  thiiringite  n: 
GohitBcliau,  near  Steniberg,  Moravia.     In  yellow  to  bronie-red  scales. 

BraasTKite.    9rFe,MgK)  2.\liOs.6SiOs.SHjO.     In  cryptocrystalline  and  foliated  mi^ 
sometinies  tormin^  spheriod  radiated  aggregates.     Under  microscope  folia  show  hesof : 
outline.    Color  obv&«reen  to  yellow-green.     H.  «  1-2.     G.  =  3*0.     Occurs  in  cavitt-^  i 
the  gabbro  of  the  Rawital  in  the  Han  Mts.,  Germany. 

GfifBttute.    4(Mg.Fe,Ca)0.(Al,Fe),0>.5SiOf.7H|0.     .\  member  of  the  Chlorite  Gn- 
Color  dark  green.     H.  »  1.     G.  »  2*31.     Fusible  to  magnetic  slag.     Pleochroic,  pair  ^  - 
low,  olive-green,  brown-green.     Indices  1 '48-1 '57.     Occurs  in  amygdaloidal  cavities  c 
basalt  from  Cahuenga  Pass,  Griffith  Park,  Los  Angeles,  Cal. 

Chamostte.  Contains  iron  (FeO)  with  but  Uttle  MgO.  Occurs  compact  or  (kIt. 
with  H.  about  3;  G.  »  ^3*4;  color  greenish  gray  to  \Awck.  From  Chamoson,  near  r 
Maurice,  in  the  Valais,  Switzerland. 

Stitonotnelane     An  iron  siUcate.     In  felted  plates;  also  fibrous,  or  as  a  yrehrety  ^>r.  - 
ing.    G.  »  277-2*96.     Color  blacky  greenish  black.    Occurs  at  Oberg^und  and  elsew^  - 
in  Sfleaia;  also  in  Moravia;  near  Wedburg,  Nassau,  Germany.     Chalcodite.  from  the  St'  m. 
Iron  mine,  in  Antwerp,  Jefferson  Co.,  N.  Y.,  coating  hematite  and  calcite,  is  the  t^i 
mineral  in  velvety  coating  of  mica^ike  scales  with  a  bronxe  color. 

Misgii^tite.    A  member  of  Chlorite  Group.     A  silicate  of  ferric  and  ferrous  iron,  inter- 
mediate  between   ttilpnomeUme  and   lepidomdane.    G.  »  2*86.      Color  bla€;kiah   grtM 
Strongly  pleochroic,  light  yellow  to  opaoue  black.    Optically  — .     Fuses  to  a  black  n^~ 
netic  euund.     Decomposed  by  hydrocnloric  acid.     From  Minguet  mine,    near  Stc. 
Maine-et-Loire,  France. 

Strigovite.  H«Feft(Al,Fe)tSisOu.  In  a|tpgregations  of  minute  crystals.  Color  di-k 
green.    Occurs  as  a  fine  coating  over  the  mmends  in  cavities  in  the  granite  of  Striegau  ^ 

RnmpAte.  lYobably  a  variety  of  clinochlore.  Massive;  granular,  consisting  of  ver> 
fine  scales.    Color  greoiish  white.    Occurs  with  talc  near  St.  Michael  and  elsewhere  ~jl 

SpodM>iihy11ite.    (Nat,Ks)x(Mg,Fe)3(Fe,Al)s(SiOs)B.     In  rough  hexagcMial  prisms.     Mir^- 
oeous   cleavage.    T<ftminap    brittle.     H.  =  3-3*2.    G.  =  2*6.    Color    ash-^ray.     Fusibtt 
FVom  Naraarsuk,  southern  Greenland. 

APPENDIX  TO  THE  MICA  DIVISION.  —  VERMICULITES. 

The  Vermiculite  Group  includes  a  number  of  micaceous  minerals,  all  h3rdrated  sili- 
cates, in  part  closely  related  to  the  chlorites,  but  varying  somewhat  widely  in  coniix>5> 
tion.  They  are  alteiration-products  chiefly  of  the  micas,  biotite,  phlogopite,  etc.,  and  ret^iin 
more  or  less  perfectly  the  micaceous  cleavage,  and  of  ten-show  the  negative  optical  charact^T 
and  small  axial  angle  of  the  original  species^  Many  of  them  are  of  a  more  or  less  indefini^«' 
chemical  nature,  and  the  composition  varies,  with  that  of  the  original  mineral  and  with  the 
degree  of  alteration. 

The  huninsB  in  general  are  soft,  pliable,  and  inelastic;  the  luster  pearly  or  bit>nse4iko. 
and  the  color  varies  from  white  to  yellow' and  brown.  Heated  to  lOO^-llO"  or  dried  ovtT 
sulphuric  acid  most  of  the  vermiculites  lose  considerable  water,  up  to  10  p.  c,  which  l< 
probably  hygroscopic j  at  300°  another  portion  is  often  given  off;  and  at  a  red  heat  a  some- 
what larger  amount  is  expelled.  Connected  with  the  loss  of  water  upon  ignition  is  the 
common  physical  character  of  exfoliation;  some  of  the  kinds  especially  show  this  to  & 
marked  degree,  slowly  opening  out,  when  heated  gradually,  into  long  worm-like  threaii^. 
This  character  has  given  the  name  to  the  group,  from  the  lAtin  vermicidarif  to  breed  trorrn^. 
The  minerals  included  can  hardly  rank  as  distinct  species  and  only  their  names  can  l)e 
given  here:  JefferisHey  venniculitef  cvisageeiief  kerrUef  lennilUe,  hailite,  pkiltidelphUe,  vaaliii, 
maconite,  dudLeyiiCf  pyrosderite. 


m.   Serpentine  and  Talc  Division 

The  leading  species  belonging  here,  Serpentine  and  Talc,  are  closely  related 
to  the  Chlorite  Group  of  the  Mica  Division  preceding,  as  noted  beyond. 
Some  other  magnesium  silicates,  in  part  amorphous,  are  included  with  them. 
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SERPENTnVE. 


Monoclinic.  In  distinct  crystals,  but  only  as  pseudomorphs.  Sometimes 
foliated,  folia  rarely  separable;  also  delicately  fibrous,  the  fibers  often  easily 
separable,  and  either  flexible  or  brittle.  Usuidly  massive,  but  microscopically 
finely  fibrous  and  felted,  also  fine  granular  to  impalpable  or  cryptocrystalline; 
slaty.  Crystalline  in  structure  but  often  by  compensation  nearly  isotropic; 
amorphous. 

Cleavage  b  (010),  sometimes  distinct;  also  prismatic  (50**)  in  chrjrsotile. 
Fracture  usually  conchoidal  or  splintery.  Feel  smooth,  sometimes  greasy. 
H.  =  2-5-4,  rarely  5-5.  G.  =  2-50-2-65;  some  fibrous  varieties  2-2-2-3; 
retinalite,  2-36-2'55.  Luster  subresinous  to  greasy,  pearly,  earthy;  resin-like, 
or  wax-like;  usually  feeble.  Color  leek-green,  blackish  green;  oil-  and  siskin- 
green;  brownish  red,  brownish  yellow;  none  bright;  sometimes  nearly  white. 
On  exposure,  often  becoming  yellowish  gray.  Streak  white,  slightly  shining. 
Translucent  to  opaque. 

Pleochroism  feeble.  Optically  — ,  perhaps  also  +  in  chrysotile.  Double 
refraction  weak.  Ax.  pi.  \\  a  (100).  Bx  (X)  ±  b  (010)  the  cleavage  surface; 
Z 1 1  elongation  of  fibers.  Biaxial,  angle  variable,  often  large;  2V  =  20°  to  90*^. 
Indices  variable,  from  r490-r571. 

Var.  —  Manv  unsufltained  species  have  been  made  out  of  serpentine,  differing  in  struc- 
ture (massive,  slatv,  foliated^  fibrous),  or,  as  supposed,  in  chemical  composition;  and  these 
now,  in  part,  stand  as  varieties,  along  with  some  others  based  on  variations  in  texture,  etc. 

A.  In  Crystals  —  Pseudomorphs.  The  most  common  have  the  form  of  chrysolite. 
Other  kinds  are  pseudomorphs  after  pyroxene,  amphibole,  spinel,  chondrodite,  garnet, 
phlogopite,  etc.  Baatite  or  SchiUer  Spar  is  enstatite  (hyperstnene)  altered  more  or  less 
completely  to  serpentine.    See  p.  474. 

B.  Massive.  1.  Ordinary  massive,  (a)  Precious  or  Noble  Serpentine  is  of  a  rich  oil- 
green  color,  of  pale  or  dark  shades,  and  translucent  even  when  in  thick  pieces. 
(6)  Common  Serpentine  is  of  dark  shades  of  color,  and  subtranslucent.  The  former  has  a 
hardness  of  2*5-3;  the  latter  often  of  4  or  beyond,  owing  to  impurities. 

Resinous.  Bdinalite,  Massive,  honey-yellow  to  li^t  oil-green,  waxy  or  resin-like 
luster. 

Bowenite  (Nephrite  Bowen) .  Massive,  of  very  fine  granular  texture,  and  much  resembles 
nephrite,  and  was  long  so  called.  It  is  apple-green  or  greenish  white  in  color;  G.  »  2'504- 
2*787;  and  it  has  the  unusual  hardness  5*5-6.  From  Smithfield,  R.  I^;  also  a  similar  kind 
from  New  Zealand. 

Ricolite  is  a  banded  variety  with  a  fine  green  color  from  Mexico. 

C.  Labiellar.  Antigorite.  thin  lamellar  in  structure,  separating  into  translucent  folia. 
H.  —  2*5;  G.  »  2*622;  color  orownish  green  by  reflected  light;  feel  smooth,  but  not  greasy. 
From  Antigorio  valley.  Piedmont,  Italy. 

D.  Thin  Foliated.  Marmolitey  thin  foliated;  the  laminsB  brittle  but  separable. 
G.  »  2*41;  colors  greenish  white,  bluish  white  to  pale  asparagus-green.  From  Hoboken, 
N.J. 

£.  Fibrous.  Chrysotile.  Delicately  fibrous,  the  fibers  usually  flexible  and  easily 
separating;  luster  silky,  or  silky  metaUic;  color  greenish  white,  ^een,  olive-green,  yellow 
and  browiush;  G.  =  2'i219.  Often  constitutes  seams  in  serpentme.  It  includes  most  of 
the  silky  amianthus  of  serpentine  rocks  and  much  of  what  is  popularly  called  asbestus 
(asbestos).    Cf.  p.  489. 

Picrolite,  columnar,  but  fibers  or  columns  not  easily  flexible,  and  often  not  easily  sepa- 
rable, or  affording  only  a  splintery  fracture;  color  c(ark  green  to  moimtain-green,  gray, 
brown.  The  ori^ial  was  from  Taberg,  Sweden.  BaUimorite  is  picrolite  from  Bare  Hills, 
Md. 

Radiotine  is  like  serpentine  except  in  regard  to  its  solubility  and  specific  gravity.  In 
spherical  aggregates  of  radiating  fibers  from  near  Dillenburg,  Nassau. 

F.  Serpentine  Rocks.  Serpentine  often  constitutes  rock-masses.  It  frequently 
occurs  mixed  with  more  or  less  of  dolomite,  magnesite,  or  calcite,  making  a  rock  of  clouded 
green,  sometimes  veined  with  white  or  pale  green,  called  verd  antique^  ophwlitej  or  ophicalcite. 
Serpentine  rock  is  sometimes  mottled  with  red,  or  has  something  of  the  aspect  of  a  red 
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jBuaJ  smount  of  OTide  of  iron.     Aa;  ta- 

, serpen/ine  marbU. 

Microscopic  examination  has  established  the  fact  toat  serpentine  in  rock-maaBeH  bu  been    t 

largely  produced  by  the  alteration  of  chrysolite,  end  many  apparently  bomogeneotta  m- 

pentines  show  more  or  less  of  this  original  mineral.     In  other  cases  it  has  resulted  from  it- 

alteration  of  pyroxene  or  amphibole.     Sections  of  the  serpentine  derived  from  chi^-soij'  = 

often  show  a  peculiar  structure,  like  the  meshes  of  s  net  (Fig.  958);   the  lines  mailed  r} 

grains  of  magnetite  also  follow  the  original  cracks  and  cleavage  directions  of  the  chryWi'. 

(Fig.  959,  a).     The  seri>entiDe  from  amphibole  and  pyroxene  commonly  shows  an  analofnKi: 

Btructure;   the  iron  particles  following  the  formo'  clrsT. 

Bfi8  age  linee.    Hence  the  nature  of  the  original  miiieral  raji 

often  be  inferred.     Cf.  Fig.  959,  a,  b,  c  (Pireson). 

Comp.  —  A  magnesium  silicate,  H4Mg]Si](*i 
or  3Mg0.2SiO,.2H,0  =  Silica  44.1,  magneaa 
430,  water  12-9  =  100.  Iron  protoxide  often 
replaces  a  small  part  of  the  magnesium;  nickel 
in  small  amount  is  sometimes  present.  The 
water  is  chiefly  expelled  at  a  red  heat. 

Pyr.,  etc.  -^  In  the  closed  tube  yields  water.  B.  B 
fuses  on  the  edges  with  difficulty.  F.  =  6.  Gives  usually  an  iron  reaction.  r>ecom- 
posed  by  hydrochloric  and  sulphuric  adds.     From  chrysotile  the  silica  is   left    in  fine 

Difl.  —  Characterized  by  softness,  absence  of  cleavage  and  feeble  waxy  or  oily  lusters 
low  specific  gravity;  by  yieldins  much  water  B.B. 

Hicro.  —  Readily  recognized  in  thin  sections  bv 

low  relief  and  aggr^ate  polarisation  due  to  its  fibr .  ... _. 

parallel,  the  iut^ereDC»«olors  are  not  very  low,  but  the  confused  aggr^ates  may  shon 


a.  Serpentine  derived  from  chryBoUte;  6,  from  amphibole;  c,  from  pyroxene 

the  "ultra  blue"  or  even  be  isotropic.  The  constant  association  with  other  magneBJa  bear- 
ing minerals  like  chrysolite,  pyroxene,  hornblende,  etc.,  is  also  characteristic.  The  presence 
of  lines  of  iron  oxide  particles  as  noted  above  (Fig.  959)  is  charact«ristic. 

Obs.  —  Serpentine  is  always  a  secondary  mineral  resulting,  as  noted  above,  from  the 
alteration  of  silicates  containing  magnesia,  particularly  chryBolite,  amphibole  or  pyroxene. 
It  frequently  tonus  large  rock-masses,  then  t>eing  derived  from  the  alteration  of  peridotites. 
dunit^  and  other  basic  rocks  of  igneous  origin;  also  of  omphibolites,  or  pyroxene  anil 
chrysolite  rocks  of  metamorphic  origin.  In  the  first  case  it  is  usually  accompanied  by 
spinel,  garnet,  chromite  and  sometimes  nickel  ores;  in  the  second  case  by  vEirious  carbo- 
nates such  as  dolomite,  magnesite,  breunnerite,  etc. 

Crystals  of  serpentine,  pscudomorphous  after  monticellitc,  occur  in  the  Faaatitl,  IVroL 
Austria.  A  variety  containing  soda  from  the  Zillertal,  Tyrol,  is  called  nemajAyUHx.  Near 
Miask  at  Lake  Aushkul,  Barsovka,  Ekaterinburg,  and  elsewhere  in  Russia;  in  Norway, 
at  Snarum;  etc.  Fine  precious  serpentines  come  from  Falun  and  Gubjo  in  Swedoi,  the 
Isle  of  Man,  the  neighborhood  of  Portsoy  in  Aberdeenshire,  Scotland;  the  Litard  in  Corn- 
wall, E^n^nd;  Corsica,  Siberia,  Saxony,  etc. 

In  North  America,  in  Me.,  at  Deer  Isle,  precious  serpentine.  In  Ver.,  at  Nrw  Fane, 
Roxbury,  etc.     In  Mass.,  fine  at  NewbuPyport.     In  R.  1.,  at  Newport;  boweniie  at  Smith- 
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field.  In  Conn.i  near  New  Haven  and  Milford,  at  the  verd-antique  quarries.  In  N.  Y., 
at  Port  Henry,  Essex  Co.;  at  Antwerp,  Jefferson  Co..  in  crystals;  in  Gouvemeur,  St. 
Liawrence  Co.,  in  crystals;  in  Cornwall,  Monroe,  and  Warwick,  Orange  Co.,  sometimes  in 
large  crystals  at  Warwick;  and  from  Richmond  to  New  Brighton,  Richmond  Co.;  Brew- 
Bters.  In  N.  J.,  at  Hoboken,  with  brucite,  magnesite,  etc.;  at  Montville,  Morris  Co., 
Ghr\nM)tile  and  retinalite,  with  conmion  serpentine,  produced  by  the  alteration  of  pyroxene. 
In  Fa.,  massive,  fibrous,  and  foliated,  at  Texas,  Lancaster  Co.;  at  West  Chester,  Chester 
Co.,  wiUiamsUe;  at  Mineral  Hill,  Newtown,  Marple,  and  Middletown.  Delaware  Co.  In 
Md.,  at  Bare  Hills;  at  Cooptown,  Harford  Co.,  with  diallage.  In  Cal.,  at  various  points 
in  the  Coast  Range.  Asbestus  in  notable  deposits  is  found  in  the  Grand  Canyon,  Ash 
Creek  and  Sierra  Ancha  Mts.,  Ariz. 

In  Canada,  abundant  among  the  metamorphic  rocks  of  the  Eastern  Townships  and 
Gajsp^  peninsula,  Quebec;  at  Thetford,  Coleraine,  Broughton,  Orford,  South  Ham,  Bolton, 
Shipton,  Melbourne,  etc.  The  fibrous  variety  chrysotile  (asbestus,  bostonite)  often  forms 
seams  several  inches  in  thickness  in  the  massive  mmeral,  and  is  now  extensively  mined  for 
technical  purposes.  Massive  Laurentian  serpentine  also  occurs  in  Grcnville,  Argenteuil 
Co.,  Quebec,  and  North  Burgess,  Lanark  Co.,  Ontario.  In  New  Brunswick,  at  Crow's 
Nest  in  Portland. 

The  names  SerperUinej  Ophitef  Lapis  colvbrinus,  allude  to  the  green  serpent-like  cloud- 
ings of  the  serpentine  marble.  Retinalite  is  from  ptrunif  reain;  Picrclite^  from  iciKpoi, 
hitter,  in  allusion  to  the  magnesia  (or  Bittererde)  present;  ThermophyUite,  from  dipfirij  heat, 
and  ivXXopf  leaf,  on  account  of  the  exfoliation  when  heated :  Chrysotile,  from  xpwrot,  golden, 
and  TiXos,  fibrous;  Metaxite,  from  fura^,  silk;  Marmolite,  from  tuxptiaipo},  to  shine,  in  allu- 
sion to  its  peculiar  luster. 

Uge.  —  As  an  ornamental  stone;  the  fibrous  variety  furnishes  the  greater  part  of  the 
heat  insulating  material  known  as  asbestus. 

Deweyiite.  A  maenesian  silicate  near  serpentine  but  with  more  water.  Formula 
perhaps  4MgO.3SiOs.6HsO.  Amorphous,  resembling  gum  arable,  or  a  resin.  H.  ==  2-3*5. 
G.  =  2'0-2'2.  Color  whitish,  yellowish,  reddish,  brownish.  Index,  1'65.  Occurs  with 
serpentine  in  the  Fleimstal,  TVrol,  Austria;  also  at  Texas,  Pa.,  and  the  Bare  Hills,  Md. 
Gymnite  of  Thomson,  named  from  yvfuw,  naked,  in  allusion  to  the  locality  at  Bare  Hills, 
Md.,  is  the  same  species. 

Genthite.  Nickel  Gymnite.  A  gymnite  with  pai  t  of  the  magnesium  replaced  by  nickel, 
2NiO.2MgO.3SiO3.6HsO.  Amorphous,  with  a  aelicate  stalactitic  surface,  incrusting. 
H.  =  3-4;  sometimes  very  soft.  G.  =  2*409.  Luster  resinous.  Color  pale  apple-green, 
or  yellowish.    f>om  Texas,  Lancaster  Co.,  Pa.,  in  thin  crusts  on  chromite. 

Nepotiite.  3(Ni,Mg)0.2SiOs.2H20.  In  microscopic  crystal  plates  with  hexagonal  out- 
line. Good  cleavages.  H.  *  2-2*5.  G.  «  2-5-3 '2.  Color  pale  to  deep  green.  /3  —  1*62- 
1*63.    Occurs  in  the  nickel  deposits  of  New  Caledonia. 

Gamierite.  Noumeite.  An  important  ore  of  nickel,  consisting  essentially  of  a  hy- 
drated  silicate  of  ma^esium  and  nickel,  perhaps  Hs(Ni,Mg)Si04  +  water,  but  very  variable 
in  composition,  particularly  as  regards  the  nickel  and  magnesium:  not  always  homogene- 
ous. Amorphous.  Soft  and  friable.  G.  =  2*3-2*8.  Luster  dull.  Color  bright  apple- 
green,  pale  green  to  nearly  white.  Index,  1*59.  In  part  unctuous;  sometimes  adheres  to 
the  tongue.  Occurs  in  serjientine  rock  near  Noumea,  capital  of  New  Caledonia,  associated 
with  chromic  iron  and  steatite,  where  it  is  extensively  mined.  A  similar  ore  occurs  at  Riddle 
in  Douglas  County,  southern  Oregon;  also  at  Webster,  Jackson  Co.,  N.  C. 


TALC. 

Orthorhombic  or  monoclinic.  Rarely  in  tabular  cr3rstals,  hexagonal  or 
rhombic  with  prismatic  angle  of  60^.  Usually  foliated  massive;  sometimes  in 
globular  and  stellated  groups;  also  granular  massive,  coarse  or  fine;  fibrous 
(pseudomorphous) ;  also  compact  or  cryptocrystalline. 

Cleavage:  basal,  perfect.  Sectile.  Flexible  in  thin  laminse,  but  not 
elastic.  Percussion-figure  a  six-rayed  star,  oriented  as  with  the  micas.  Feel 
greasy.  H.  =  1-1*5.  G.  =  2-7-2*8.  Luster  pearly  on  cleavage  surface. 
Color  apple-green  to  white,  or  silvery  white;  also  greenish  gray  and  dark 
green;  sometimes  bright  green  perpendicular  to  cleavage  surface,  and  brown 
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and  leas  transluoent  at  right  angles  to  this  direction;  brownish  to  black:,* 
g^n  and  reddish  when  impure.    Streak  usually  white;  of  dark  green  vart- 
ties  lighter  than  the  color.    Subtransparent  to  translucent.     Optically  ner  • 
tive.    Ax.  pi.  ii  a  (100).     Bx±c  (001).     Axial  an^e  small,  variable.     Indi:-^ 
approx.;  a  =  1-539.    fi  =  1589.    y  =  1589. 

Var.  —  Foliated,  Talc,  Condats  of  fc^ia,  U8U&lly  easily  aepanted,  having  a  greasy  fe-i 
and  presenting  ordinarily  light  green,  flreenish  white,  and  wnite  cok»s.     G.  ^  2*55-2  T^^ 

Massive,  SieatUe  or  Soapstane.  a.  Coarse  granular,  grayish  green,  and  brownish  fT.;> 
in  color;  H.  »  l-2'5.  Polstane  is  ordinary  soapetone,  more  or  less  impure.  6.  Fine  gnrn  - 
lar  or  cryptocrystalline,  and  soft  enough  to  be  used  as  chalk;  as  the  rrtnek  chalk,  whicf  i« 
milk-white  with  a  pearly  luster,  c.  Indurated  talc.  An  impure  slaty  talc,  harder  Ujll 
ordinary  talc. 

Pseudanwrphaus,  a.  Fibrous,  fine  to  coarse,  altered  from  enstatite  and  tremoLte. 
b«  RenssetaerUe,  having  the  form  of  pyroxene  from  northern  New  York  and  Canada. 

Comp.  —  An  acid  metasilieate  of  magnesium,  H2Mgs(SiOs)4  or  HjO. 
3Mg0.4SiOj  =  Silica  63-5,  magnesia  31-7,  water  48  =  100.  The  water  goes 
off  only  at  a  red  heat.    Nickel  is  sometimes  present  in  small  amowit. 

Pyr.,  etc.  —  In  the  closed  tube  B.B.,  when  intensely  ignited,  most  varieties  yield  water. 
In  the  platinum  forceps  whitens,  exfoliates,  and  fuses  with  difficulty  on  the  thin  edges  to  & 
white  enamel.  Moistened  with  cobalt  solution,  assumes  on  ignition  a  pale  red  color.  No: 
decomposed  by  acids.    Rensselacrite  is  decomposed  by  concentrated  sulphuric  acid. 

Din.  —  Characterized  by  extreme  softness,  soapy  feel;  common  foliated  structure: 
pearly  luster:  it  is  flexible  but  inelastic.    Yields  water  only  on  intense  ignition. 

Obs.  —  Talc  or  steatite  is  a  very  common  mineral,  and  in  the  latter  form  constitutes 
extensive  beds  in  some  regions.  It  is  often  associated  with  serpentine,  talcose  or  cfaloritie 
schist,  and  dolomite,  and  nrequently  contains  crystals  of  dolomite,  breunnerite,  also  asbes- 
tus,  actinolite,  tourmaline,  magnetite. 

Steatite  is  the  matoial  of  many  pseudomorphs,  among  which  the  most  common  are 
those  after  pyroxene,  hornblende,  mica,  scapolite,  and  spinel.  The  magnesian  minerals  are 
those  which  commonly  afford  steatite  by  alteration;  while  those  like  scapolite  and  nephelite, 
which  contain  soda  and  no  mAgnftaiA^  most  frequently  yield  pinite-like  pseudomorphs. 
There  are  also  steatitic  pseudomorphs  after  quartz,  dolomite,  topaz,  chiastoiite,  staurolite, 
cyanite,  garnet,  vesuvianite,  chrysolite,  gehlenite.  Talc  in  the  fibrous  form  is  peeudomorph 
alter  enstatite  and  tremolite. 

Apple-green  talc  occurs  at  Mt.  Greiner  in  the  Zillertal,  Tyrol,  Austria;  in  the  Valais  and 
St.  Gothard  in  Switzerland;  in  Cornwall,  England,  near  Lizard  Foint,  with  serpentine;  the 
Shetland  islands. 

In  North  America,  foliated  talc  occurs  in  Me.,  at  Dexter.  In  Ver.,  at  Bridgewater, 
handsome  green  talc,  with  dolomite;  Newfane.  In  Mass.,  at  Middlefield,  Windsor,  Blan- 
ford,  Andover,  and  Chester.  In  R.  I.,  at  Smithfield,  dedicate  green  and  white  in  a  crystal- 
line limestone.  In  N.  Y.^  at  fklwards,  St.  Lawrence  Co.,  a  fine  fibrous  talc  (a{falite)  asso- 
ciated with  pink  tremohte;  on  Staten  Island.  In  N.  J.,  Sparta.  In  Pa.,  at  Texas, 
Nottingham,  IJnionville;  in  South  Mountain,  ten  miles  south  of  Carhslej  at  Chestnut  Hill, 
on  the  Schuylkill,  talc  and  also  soapstone,  the  latter  quarried  extensively.  In  Md.,  at 
Cooptown,  of  green,  blue,  and  rose  colors.  In  N.  C,  at  Webster,  Jackson  Co.  The  im- 
portant states  tor  the  proauction  of  talc  and  soapstone  are  New  York,  Vermont  and  Virginia. 
In  Canada,  in  the  townships  Bolton,  Sutton,  and  Potton.  Quebec,  with  steatite  in  b^  of 
Cambrian  age;  in  the  township  of  Elzevir,  Hastings  Co.,  Ontario,  an  impure  grayish  variety 
in  Archsean  rocks. 

Use.  —  In  the  form  of  soapstone  used  for  wash  tubs,  sinks,  table  tops,  switchboards, 
hearth  stones,  furnace  linings,  etc.:  the  tips  of  gas  burners,  tailors'  chalk,  slate  pendJs, 
carved  ornaments,  etc. ;  in  powdered  form  as  filler  in  papers,  as  a  lubricant,  in  toilet  powders, 
etc. 

Gavitb  is  apparently  a  variety  of  talc,  differing  in  the  amount  of  water  present  and  in 
its  solubility  in  acids.    From  Gava  valley,  Italy. 

SEPIOLITB.    Meerschaum. 

Compact,  with  a  smooth  feel,  and  fine  earthy  textm^,  or  clay-like;  also 
rarely  fibrous.    H.  =  2-2*5.    G.  =  2.    Impressible  by  the  nail.    In  dry 
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masses  floats  on  water.    Color  grayish  white,  white,  or  with  a  faint  yellowish 
or  reddish  tinge,  bluish  green.    Opaque.    Biaxial,  ^.    fi  =  1-55. 

Comp.  —  H4Mg2SisOio  or  2H20.2Mg0.3Si02  =  Silica  60-8,  magnesia 
27*1,  water  12*1  =  100.  Some  analyses  show  more  water,  which  is  probably 
to  be  regarded  as  hygroscopic.  Copper  and  nickel  may  replace  part  of  the 
magnesium. 

Pyr.,  etc.  —  In  the  closed  tube  vields  first  hygroscopic  moisture,  and  at  a  higher  tem- 
perature gives  much  wator  and  a  burnt  smell.  B.B.  some  varieties  blacken,  then  bum 
-white,  and  fuse  with  difficulty  on  the  thin  ed^es.  With  cobalt  solution  a  pink  color  on 
ignition.     Decomposed  by  hydrochloric  acid  with  separation  of  silica. 

Obs.  —  Occurs  in  Asia  Minor,  in  masses  in  stratified  earthy  or  alluvial  deposits  at  the 
plains  of  Eskihi  sher;  at  Hrubsctiitz  in  Moravia;  in  Morocco,  called  in  French  Pierre  de 
JSavon  de  Maroc;  at  Vallecas  in  Spain,  in  extensive  beds. 

A  fibrous  mineral,  having  the  composition  of  sepiolite,  occurs  in  Utah. 

The  word  meerschaum  is  German  for  searfroth,  and  alludes  to  its  lightness  and  color. 
Sepiolite  is  from  <n7irux,  ctUUe-fishf  the  bone  of  which  is  light  and  porous. 

Connarite.  A  hydrous  nickel  silicate,  perhaps  HiNisSisOio.  In  small  fragile  grains. 
G.  «  2'459-2'619.    Color  yellowish  green.     From  Rottis,  in  Saxon  Voigtland. 

Spadaite.  Perhaps  5MgO.6SiOs.4H2O.  Massive,  amorphous.  Color  reddish.  From 
Capo  di  Bove,  hear  Home. 


SAPONITE.    Piotine. 

Massive.  In  nodules,  or  filling  cavities.  Soft,  like  butter  or  cheese,  but 
brittle  on  drjdng.  G.  =  2*24-2-30.  Luster  greasy.  Color  white,  yellowish, 
grayish  green,  bluish,  reddish.     Does  not  adhere  to  the  tongue. 

Comp.  —  A  hydrous  silicate  of  magnesium  and  aluminium;  but  the 
material  is  amorphous  and  probably  always  impure,  and  hence  analyses  give 
no  imiform  results.  Contains  Si02  40-45  p.  c,  AI2O3  5-10  p.  c,  MgO  19-26 
p.  c,  H2O  19-21  p.  c;  also  Fe208,  FeO,  etc. 

Pyr.,  etc.  —  B.B.  gives  out  water  very  readily  and  blackens;  thin  splinters  fuse  with 
difficulty  on  the  edpe.     Decomposed  by  sulphuric  acid. 

Obs.  —  Occurs  m  cavities  in  basalt,  diabase^  etc. ;  also  with  serpentine.  Thus  at  Lizard 
Point,  Cornwall,  in  veins  in  serpentine;  at  various  localities  in  Scotland,  etc. 

Saponite  is  from  sapo,  soap;  and  piotine  from  ircon;; ,  fat. 

Lassalijte.  Composition  perhaps  3MgO.2AlsOt.i2SiO2.8H2O.-  In  snow-white  fibrous 
masses.  G.  ~  1.5.  From  the  antimony  mine  at  Miramont  and  at  Can  Pey  near  ArlesHsur- 
Tech,  Prance. 

Celadonite.  A  silicate  of  iron,  magnesium  and  potassiimi.  Earthy  or  in  minute 
scales.  Very  soft.  Color  green.  Index,  1  '63.  From  cavities  in  amygdaloid  at  Mte.  Baldo 
near  Verona,  Italy. 

Glauconite.  Essentially  a  hydrous  silicate  of  iron  and  potassiimi.  Amorphous,  and 
resembling  earthy  chlorite;  either  in  cavities  in  rocks,  or  loosely  granular  massive.  Color 
dull  green.  Index,  1*61.  Occurs  in  rocks  of  nearly  all  geological  ages;  abundant  in  the 
"  green  sand,"  of  the  Chalk  formation,  sometimes  constituting  75  to  90  p.  c.  of  the  whole. 
Found  abundantly  in  ocean  sediments  near  the  continental  shores.  A  manganese  glauco- 
nite from  the  Marsjat  forest,  Ural  Mts..  has  been  called  marsjatshite.  Greenalite  is  a  green 
hydrated  ferrous  siUcate  found  as  granules  in  the  cherty  rock  associated  with  iron  ores  of  the 
Mesabi  district,  Minn.    Resembles  glauconite  but  contains  no  potash. 

Pholidolite.  Corresponds  approximately  to  Ks0.12(Fe,Mg)O.Al20a.l3Si02.6H20.  In 
minute  crystalline  scales.  G.  =  2*408.  Color  grayish  yellow.  From  Taberg  in  Werm- 
land,  Sweden,  with  garnet,  diopside,  etc. 
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IV.  KAOUS  DIVISION 

KAOLmriE.    Kaolin. 

Monoclinic;  in  thin  rhombic,  rhomboidal  or  hexagonal  scales  or  plates 
with  angles  of  60^  and  120°.  Usually  constituting  a  clay-like  mass,  either 
compact,  friable  or  mealy. 

Cleavage:  basal,  perfect.  Flexible,  inelastic.  H.  =  2-2-5.  G.  =  2&-2-63. 
Luster  of  plates,  pearly;  of  mass,  pearly  to  dull  earthy.  Color  white,  grayish 
white,  yellowish,  sometimes  brownish,  bluish  or  reddish.  Scales  transparent 
to  translucent;  usually  unctuous  and  plastic. 

Optically  biaxial,  negative.  Bxo  J.  b  (010).  Bx^  and  ax.  pi.  inclined 
behind  some  20°  to  normal  to  c  (001).  Axial  angle  large,  approx.  90^.  0  = 
1-482. 

Var.  -r>l.  KaoUnite.  In  crystalline  scales,  pure  white  and  with  a  satin  luster  in  the 
mass.  2.  Ordinary,  Common  kaolin,  in  part  in  crystalline  scales  but  more  or  less  impure 
including  the  compact  lithomarge. 

Comp.  —  H4AltSi209,  or  2HiO.Al208.2Si02  =  Silica  46.6,  alumina  39.5, 
water  14*0  =  ICiO.    The  water  goes  oflF  at  a  high  temperature,  above  330**. 

Pjrr.,  etc  —  Yields  water.  B.B.  infusible.  Gives  a  blue  color  on  ignition  with  cobalt 
solution.    Insoluble  in  acids. 

Diff.  —  Characterised  by  unctuous,  soapy  feel  and  the  alumina  reaction  B.B.  Re- 
sembles infusorial  earth,  but  readily  distinguished  under  the  microscope. 

Obs.  —  Ordinary  kaolin  is  a  result  of  the  decomposition  of  aluminous  minerals,  espe- 
cially the  feldspar  of  granitic  and  gneissoid  rocks  ana  porph3rries.  In  some  regions  where 
these  rocks  have  decomposed  on  a  large  scale,  the  resulting  clay  remains  in  vast  beds  of 
kaoHrif  usually  more  or  less  mixed  with  free  quartz,  and  sometimes  with  oxide  of  iron  from 
some  of  the  other  minerals  present.  Pure  kaolinite  in  scales  often  occurs  in  connection  with 
iron  ores  of  the  Coal  formation.  It  sometimes  forms  extensive  beds  in  the  Tertiary  forma- 
tion, as  near  Richmond,  Va.  Also  met  with  accompanying  diaspore  and  emery  or 
corundum. 

Occurs  in  the  coal  formation  in  Belgium;  Schlan  in  Bohemia;  in  argillaceous  schist  at 
Loddve,  Dept.  of  H6rault,  France;  as  kaolin  at  Diendorf  (Bodenmais)  in  Bavaria;  at 
Schenmitz,  Hun^;ary;  with  fluoriteat  Zinnwald,  Germany.  Yrieix,  near  Limoges,  France, 
is  the  best  locality  of  kaolin  in  Europe  (a  discovery  of  1765);  it  affords  material  for  the 
famous  Sevres  porcelain  manufactory.  Large  quantities  of  clay  (kaolin)  are  found  in  Corn- 
wall and  West  Devon,  England. 

In  the  United  States,  kaolin  occurs  at  Newcastle  and  Wilmington,  Del.;  at  various 
localities  in  the  limonite  region  of  Ver.  (at  Brandon,  etc.);  Mass.,  Ddaware  Co.,  Pa.:  Jack- 
sonville, Ala.;  near  Webster^  N.  C;  Edgefield,  S.  C.;  near  Augusta,  Ga.  In  crystal  plates 
from  National  Belle  mine,  Silverton,  Col.    From  Lawrence  Co.,  Ind. 

The  name  Kaolin  is  a  corruption  of  the  Chinese  KaulinQf  meaning  high-ridge,  the  name 
of  a  hill  near  Jauchau  Fu,  where  the  material  is  obtained. 

Use.  —  The  finer,  purer  grades  used  in  the  manufacture  of  porcelain,  china,  etc. ;  in  the 
form  of  clay  in  pottery,  stoneware,  bricks,  etc. 

Pholerite.  Near  kaolinite,  but  some  analvses  give  15  p.  c.  water.  The  original  was 
from  the  coal  mines  of  Fins,  Dept.  of  Allier,  France. 

Faratsihite.  (Al,Fe)208.2SiOs.2H20.  Intermediate  between  kaolinite  and  chhropaL 
Monoclinic.  In  microscopic  hexagonal  plates.  Soft.  G.  »  2.  Color  pale  yellow.  Index 
a  little  higher  than  that  of  kaolinite.  Difficultly  fusible.  Decomposed  by  hydrochloric 
acid.    From  Faratsiho,  Madagascar. 

HALLOYSITE. 

Massive.     Clay-like  or  earthy. 

Fracture  conchoidal.  Hardly  plastic.  H.  =  1-2.  G.  =  2-0-2-20.  Luster 
somewhat  pearly,  or  waxy,  to  dull.     Color  white,  grayish,  greenish,  yellowish, 
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bluish,  reddish.    Translucent  to  opaque,  sometimes  becoming  translucent  or 
even  transparent  in  water,  with  an  increase  of  one-fifth  in  weight. 


loysit 

where  it  occurs  with  allophane  in  beds  four  to  ten  feet  thick. 

Smectite  is  greenish,  and  in  certain  states  of  humidity  appears  transparent  and  almost 
gelatinous;  it  is  from  Cond^,  near  Houdan,  France. 

BoUf  in  part,  may  belong  here;  that  is  those  colored,  unctuous  days  containing  more 
or  less  iron  oxide,  which  also  have  about  24  p.  c.  of  water;  the  iron  gives  them  a  brownish, 
yellowish  or  redoish  color;  but  they  may  be  mixtures.  Here  belongs  Bergseife  (mountain- 
soap). 

Comp.  —  A  silicate  of  aluminium  (Al20a.2Si02)  like  kaolinite,  but  amor- 
phous and  containing  more  water;  the  amount  is  somewhat  uncertain,  but  the 
formula  is  probably  to  be  taken  as  H4Al2Si209.HfO  or  2H2O.Al2O8.2SiO2.H2O 
=  Silica  43-5,  alumina  36-9,  water  19-6  =  100.  ^ 

• 

Pyr*.  etc.  —  Yields  water.  B.B.  infusible.  A  fine  blue  on  ignition  with  cobalt  solu- 
tion.   Decomposed  by  acids. 

Obs.  —  Occurs  often  in  veins  or  beds  of  ore,  as  a  secondary  product;  also  in  granite 
and  other  rocks,  being  derived  from  the  decom()Osition  of  some  aluminous  minerals. 

TERMiERrrE.  A  clay-like  substance  resembling  haUoysite  of  uncertain  composition  from 
the  antimony  mines  of  Miramont,  France. 

Newtonite.  HsAlsSi20ii.H^.  In  soft  white  compact  masses  resembling  kaolin. 
Found  on  Sneed's  Creek  in  the  northern  part  of  Newton  Ck).,  Ark. 


Batchelortte.  Ali08.2SiOi.HiO.  A  green  foliated  mineral  from  Mt.  Lyell  mine, 
Tasmania. 

Cimolite.  A  hydrous  silicate  of  alimiinium,  2Al3O8.9SiO2.6H2O.  Amorphous  clay- 
like, or  chalky.  Very  soft.  G.  =  2*  18-2*30.  Color  white,  grayish  white,  redoish.  From 
the  island  of  Argentiera  (Kimolos  of  the  Greeks). 

Montmorillonite.  Probably  H2AliSi40ii.nHiO.  Massive,  clay-like.  Very  soft  and 
tender.  Luster  feeble.  Color  white  or  grayish  to  rose-red,  and  bluish;  also  pistachio-green. 
Unctuous.  Montmorillonite f  from  Montmorillon,  France,  is  rose-red.  ConfoUnsite  is  paler 
rose-red;  from  Confolens,  Dept.  of  Charente  at  St.  Jean-de-Cole,  near  Thiviers. 

StolpenUe  is  a  clay  from  the  basalt  of  Stolpen,  Germany.    Saponite  of  Nicklds  is  a  white, 

Elastic,  soap-hke  clav  from  the  granite  from  which  issues  one  of  the  hot  springs  of  Plom- 
i^es,  France,  callea  Soap  Spring;  it  was  named  smegmatHe  by  Naumann. 

PYROPHYLLITE. 

Monoclinic?  Foliated,  radiated  lamellar  or  somewhat  fibrous;  also  granu- 
lar to  compact  or  cryptocrystalline;  the  latter  sometimes  slaty. 

Cleavage:  basal,  eminent.  Laminae  flexible,  not  elastic.  Feel  greasy. 
H.  =  1-2.  G.  =  2-8-2-9.  Luster  of  folia  pearly;  of  massive  kinds  dull  and 
glistening.  Color  white,  apple-green,  grayish  and  brownish  green,  yellowish 
to  ocher-yellow,  grayish  white.  Subtransparent  to  opaque.  Optically  — . 
Bx  ±  cleavage.     Ax.  angle  large,  to  108°.    Mean  index,  1-58. 

Var.  —  (1)  Foliated f  and  often  radiated,  closely  resembling  talc  in  color,  feel,  luster  and 
structure.  (2)  Compact  mo««iw,  white,  grayish  and  ^eenish,  somewhat  resembling  com- 
pact steatite,  or  French  chalk.  This  compact  variety  mcludes  part  of  what  has  ^one  under 
the  name  of  agahnatolite,  from  China;  it  is  used  for  slate-pencils,  and  is  sometimes  called 
penciUstone. 

Comp.  —  H2Al2(Si08)4  or  H20.Al208.4Si02  =  Silica  667,  alumina  28*3, 
water  50  =  100. 

Pyr.,  etc.  —  Yields  water,  but  only  at  a  high  temperature.  B.B.  whitens,  and  fuses 
with  difficulty  on  the  edges.    The  radiated  varieties  exfoliate  in  fan-like  forms,  swelling 
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up  to  many  times  the  originai  volume  of  the  assay.  Moistened  with  cobalt  solution  and 
heated  gives  a  deep  blue  color  (alumina).  Partially  decomposed  by  sulphuric  acid,  and 
completely  on  fusion  with  alkaline  carbonates. 

Diff.  —  Resembles  some  talc,  but  distinguished  by  the  reaction  for  alimaina  with  cobalt 
solution. 

Obs.  —  Ck>mpact  pyrophyllite  is  the  material  or  base  of  some  schistose  rocks.  The  foli- 
ated variety  is  otten  tne  gangue  of  cyanite.  Occurs  in  the  Ural  Mts. ;  at  WestanA,  Sweden; 
near  Ottrez,  Luxemburg;  Ouro  Preto,  Brazil. 

Also  in  white  stellate  a^egations  in  Cottonstone  Mt.,  Mecklenburg  Co.,  N.  C;  in 
Chesterfidd  Dist.,  S.  C,  with  lazulite  and  cyanite;  in  Lincoln  Co.,  Ga.,  on  Graves  Mt. 
The  compact  kind,  at  Deep  River,  N.  C,  is  extensively  used  for  making  slate-pencils  and 
resembles  the  so-called  agalmatolite  or  pagodite  of  China,  often  us^  for  ornamental 
carvings. 

Use.  —  For  the  same  purposes  as  talc,  which  see. 

ALLOPHANE. 

Amorphous.  In  incrustations,  usually  thin,  with  a  mammillary  surface, 
and  hyalite-like;  sometimes  stalactitic.     Occasionally  almost  pulverulent. 

Fracture  imperfectly  conchoidal  and  shim'ng,  to  earthy.  Very  brittle. 
H.  =  3.  G.  =  1*85-1 '89.  Luster  vitreous  to  subresinous;  bright  and  waxy 
internally.  Color  pale  sky-blue,  sometimes  greenish  to  deep  green,  brown, 
yellow  or  colorless.    Streak  uncolored.     Translucent,     n  =  1*49. 

Comp.  —  Hydrous  aluminium  silicate,  Al2Si06.5H20  =  Silica  23*8,  alu- 
mina 40*5,  water  357  =  100.  Some  analyses  give  6  equivalents  of  water  = 
Silica  22-2,  alumina  37-8,  water  400  =  100. 

Impurities  are  often  present.  The  coloring  matter  of  the  blue  variety  is  due  to  traces 
of  chrysocolla,  and  substances  intermediate  between  allophane  and  chrysocolla  (mixtures) 
are  not  uncommon.  The  green  variety  is  colored  by  malachite,  and  the  yellowish  and 
brown  by  iron. 

Pyr.,  etc.  —  Yields  much  water  in  the  closed  tube.  B.B.  crumbles  but  is  infusible. 
Gives  a  blue  color  on  i^tion  with  cobalt  solution.     Gelatinizes  with  hydrochloric  add. 

Obs.  —  Allophane  is  regarded  as  a  result  of  the  decom]x>sition  of  some  aluminous  sili- 
cate (feldspar ;  etc.);  and  it  often  occurs  incrusting  fissures  or  cavities  in  mines,  especially 
those  of  copper  and  limonite,  and  even  in  beds  of  coal. 

Named  from  aXXot,  other,  and  ^iveadcu,  to  appear,  in  allusion  to  its  change  of  appear- 
ance under  the  blowpipe. 

Melite.  2(Al,Fe)203.Si02.8H20.  In  imperfect  prisms.  iStalactitic,  massive.  H.  =  3. 
G.  =  2-2.    Color  bluish  brown.     Infusible.     From  Saalfield,  Thuringia. 

Collyrite.  2Al2Os.SiO3.9H2O.  A  clay-like  mineral,  white,  with  a  glimmering  luster, 
greasy  feel,  and  adhering  to  the  tongue.     G.  =  2-2  'IS.        From  Ezquerra  in  t^he  Pyrenees. 

SchrOtterite.  8Al2Os.3SiO3.30H2O.  Resembles  allophane;  sometimes  like  gum  in 
appearance.  H.  =  3-3*5.  G.  =  1*95-2  "05.  Color  pale  green  or  yellowish.  From  DolHn- 
ger  mountain,  near  Freienstein,  in  Styria;  at  the  Falls  of  LitlJe  River,  on  the  Sand  Mt., 
Cherokee  Co.,  Ala. 

rhe  following  are  clay-like  minerals  or  mineral  substances:    Sinopite,  smectite,  catHrale. 


Cenodte.  H4Ca2(Y,Er)2CSi40i7.  Orthorhombic.  G.  =  3*38.  Color  yellowish  brown. 
From  Hittero,  Norway;  Nordmark,  Sweden. 

Britholite.  A  complex  silicate  and  phosphate  of  the  cerium  metals  and  calcium.  Hex- 
agonal. In  minute  crystals.  ■  H.  =  5*5.  G.  =  4*4.  Color  brown.  From  nepheline 
syenite  region  of  Julianehaab,  South  Greenland. 

Erikite.  Composition  uncertain;  essentially  a  silicate  and  phosphate  of  the  cerium 
metals.  Orthorhombic.  In  prismatic  crystals.  H.  =  5*5.  G.  =  3*5.  Color  light  yel- 
low-brown to  dark  gray-brown.     From  nepheline-syenite  in  South  Greenland. 

PlazoUtc.  3CaO.AljO,.2(Si02,C02).2HiO.  Isometric.  In  minute  dodecahedrons. 
H.  =  6*5.    G.  =  313.    Colorless  to  light  yellow,    n  =  1*71.     From  Crestmore,  CaL 
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Thawma«it».  CaSiOt.CaCOs.CaS04.15HiO.  Massive,  compact,  ciTstaUine.  Cleavage 
in  traces.     H.  «  3-5.    G.  -  1*877.    Color  white.    Uniaxial,  -.    «  =  1-507,    c  «  1-468. 

Occurs  filling  cavities  and  crevices  at  the  Bjelke  mine,  near  Areskuta,  Jemtland,  Sweden; 
at  first  soft  but  hardens  on  exposure  to  the  air.  Also  in  fibrous  crystalline  masses  at  Pat- 
erson,  N.  J.;  from  Beaver  Co.,  Utah. 

Spurrite.  2CaiSi04.CaCOt.  Probablv  monodinic.  In  granular  cleavable  masses. 
H.  a  5.  Color  pale  gray,  fi  »  1*67.  Infusible.  ,From  contact  asone  between  limestone 
and  diorite  in  Velardefia  mining  district,  Mexico. 

Uranophane.  Uranotil.  CaO.2UO8.2fSiO2.6HsO.  In  radiated  aggregations;  massive, 
fibrous.  G.  =  3-81-3'90.  Color  yellow.  Biaxial,-.  Indices,  1650-1-670.  From  the 
granite  of  Kupferberg,  Silesia.  Uranotil  occurs  at  Wolsendorf,  Bavaria;  Mitchell  Co., 
N.  C. 

Dixenite.  MnSi03.2Mn2CC)H)A80«.  Hexagonal.  In  aggregates  of  thin  folia. 
H.  »  3-4.  Basal  cleavage.  Color  nearly  black,  red  by  transmitted  light.  Optically 
+  .    n  ^  1*96.    From  Langban,  Sweden. 

Bakerite.  A  hydrated  calcium  borosilicate,  8Ca0.5BtOt.6Si02.6H^.  In  compact 
masses  resembling  un^azed  porcelain.  H.  »  4*5.  G.  »  2'7-2'9.  Color  white.  Fusible. 
From  borax  deposits  m  Mohave  desert,  16  miles  N.  E.  of  Daggett,  San  Bernardino  Co., 
Gal.  

CHRYSOCOLLA. 

Cryptocrystalline;  often  opal-like  or  enamel-like  in  texture;  earthy.  In- 
crusting  or  filling  seams.  Sometimes  botryoidal.  In  microscopic  acicular 
crystals  from  Mackay,  Idaho. 

Fracture  conchoidal.  Rather  sectile;  translucent  varieties  brittle.  H.  = 
2-4.  G.  =  2-2*238.  Luster  vitreous,  shining,  earthy.  Color  mountain- 
green,  bluish  green,  passing  into  sky-blue  and  turquois-blue;  brown  to  black 
when  impure.  Streak,  when  pure,  white.  Translucent  to  opaque.  Crystals 
from  Idaho  gave:  Uniaxial,  +;  «  =  1*46;  €  =  1-57;  weakly  pleochroic, 
CO  =  colorless,  €  =  pale  blue-green. 

Comp.  —  True  chrysocoUa  appears  to  correspond  to  CuSiOs.2H20  = 
Silica  34-3,  copper  oxide  45*2,  water  20*5  =  100,  the  water  being  double  that  of 
dioptase. 

Composition  varies  much  through  impurities;  free  sihca,  also  alumina,  black  oxide  of 
copper,  oxide  of  iron  (or  limonite)  and  oxide  of  manganese  may  be  present;  the  color  con- 
sequently varies  from  bluish  green  to  brown  and  black.  It  has  been  suggested  that  the 
composition  of  most  chrysocolla  is  not  definite  but  that  it  is  usually  in  the  form  of  a  mineral 
gel  with  copper  oxide,  silica  and  water  occurring  in  varying  proportions  according  to  the 
conditions  of  formation. 

^T.9  etc.  —  In  the  closed  tube  blackens  and  yields  water.  B.B.  decrepitates,  colors  the 
flame  emerald-green,  but  is  infusible.  With  the  fluxes  nyes  the  reactions  for  copper. 
With  soda  and  charcoal  a  globule  of  metallic  copper.  Decomposed  by  acids  without 
gelatinization. 

Obs.  —  Accompanies  other  copper  ores,  occurring  especially  in  the  upper  part  of  veins. 
Found  in  copper  mmes  in  Cornwall,  England;  Hungary;  Siberia;  Saxony;  South  Australia; 
Chile,  etc. 

In  the  United  States,  similarly  at  the  Schuyler's  mines,  N.  J.;  at  Morgantown,  Pa.;  at 
the  Clifton  mines,  Graham  Co.,  in  Gila  Co.,  Ariz.;  Emma  mine,  Utah.  In  crystals  from 
Mackay,  Idaho. 

Chrysocolla  is  from  xpwrost  goldy  and  xoXXot,  gluey  and  was  the  name  of  a  material  used 
in  soldering  gold.    The  name  is  often  applied  now  to  borax,  which  is  so  employed. 

Use.  —  (Jhrysocolla  may  serve  as  a  minor  ore  of  copper. 

Shattuddte.  2CuSiOs.H:0.  Compact,  granular,  fibrous.  G.  =  3-8.  Color  blue. 
Indices,  1*73-1 '80.  Pleochroic,  dark  to  light  blue.  Found  at  Shattuck  mine,  Bisbee, 
Ariz.,  forming  pseudomorphs  after  malachite. 

Bisbeeite.  CuSiOs.HjO.  Orthorhombic,  fibrous.  Color  pale  blue  to  nearly  white; 
Elongation  of  fibers  positive.  Indices  1*59  to  1*65.  Pleochroic,  very  pale  green  to  pale 
clive^rown.  Found  at  Shattuck  mine  at  Bisbee,  Ariz.,  resulting  from  the  hydration  of 
shaUuckiU. 
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CHLOROPAL. 

Compact  massive,  with  an  opal-like  appearance;  earthy. 

H.  =  2*5-4-5.  G.  =  1727-1 '870,  earthy  varieties,  the  second  a  conchoidal 
specimen;  2-105,  Ceylon.  Color  greenish  yellow  and  pistachio^reen. 
Opaque  to  subtranslucent.  Fragile.  Fracture  conchoidal  and  splintery 
to  earthy.    Adheres  feebly  to  the  tongue. 

Var.  —  ChloropcU  has  the  above-mentioned  characters,  and  was  named  from  the  Himga^ 
rian  mineral  occurring  at  Unghwar. 

Nonironite  is  pale  straw-yellow  or  canary-yellow,  and  greenish,  with  an  unctuous  fed; 
flattens  and  grows  lumpy  under  the  pestle,  and  is  polished  by  friction;  from  Nontron, 
Dept.  of  Dordogne,  France.  Pinguite  is  siskin-  and  oil-green,  extremely  soft,  like  liew- 
made  soap,  with  a  slightly  resinous  luster,  not  adhering  to  the  tongue:  from  Wolkenstein 
in  Saxony.  Graminite  has  a  grass-green  color  (whence  the  name),  ana  occurs  at  Menzen- 
berg,  in  the  Siebengebirge,  Germany;  in  thin  fibrous  seams,  or  as  delicate  lamelLe. 

Comp.  —  A  hydrated  silicate  of  ferric  iron,  perhaps  with  the  general 
formula  HflFe2(Si04)3.2H,0  or  Fe2O3.3SiO2.5H2O  =  Silica  41  9,  iron  sesqui- 
oxide  37*2,  water  20*9  =  100.    Alumina  is  present  in  some  varieties. 

The  water  and  silica  both  vary  much.  The  Hungarian  chloropal  occurs  mixed  with 
opaL  and  graduates  into  it,  and  this  accounts  for  the  high  silica  of  some  of  its  analyses. 

Obs.  —  Localities  mentioned  above.  Chloropal  occurs  also  at  Meenser  Steinberg  near 
Gdttingen,  Germany;  pinguite  at  Sternberg,  Moravia.  On  Lehigh  Mt.,  Pa.,  south  of 
Allentown,  occurs  in  connection  with  iron  deposits.  From  Palmetto  Mts.,  Esmeralda  Co., 
Nev. 

HcBFEKiTE.    An  iron  silicate  near  chloropal.    Ck>lor  green.    From  Krits,  Bohemia. 

Miillerite.  Zamboninite,  FeiSi/)f.2HsO.  Massive.  Resembles  nontronite.  Soft. 
G.  B«  2'0.    Color  yellowish  green.    Infusible.    From  Nontron,  Dordogne,  France. 

Hisingerite.  A  hydrated  ferric  silicate,  of  uncertain  composition.  Amorphous,  com- 
pact. Fracture  concnoidal.  H.  «  3.  G.  =  6'5-3*0.  Luster  greasy.  Color  black  to 
brownish  black.  Streak  yellowish  brown.  From,  Riddarhyttan,  Tunaberg,  Sweden; 
L&ngban,  etc.,  Norway;  from  Greenland. 

Morencite.  A  hydrated  ferric  silicate  of  uncertain  composition.  Fibrous.  Color 
brownish  yellow.    From  Morenci,  Aria. 


The  following  are  hydrous  manganese  silicates. 

Bementite.  HeMn«(Si04)4*  Orthorhombic.  Cleavages  ||  to  three  pinacoids.  In  soft 
radiated  masses  resembling  pyrophyllite.  G.  »  2*981.  Color  pale  grayish  yellow.  From 
the  zinc  mines  of  Franklin  Furnace,  N.  J.  • 

Ectropite.  MnxSisO».7HsO.  Monoclinic(?).  In  thin  tabular  crystals.  Good  cleavage. 
H.  =  4.    G.  =  2*46.    Color  brown.    Opaque.    Indices,  1*62-1 'OS.    From  L&ngban,  Sweden. 

Agnolite.  H2Mn8(SiOa)4.HsO.  Name  given  to  the  manganese  silicate  occurring  as 
part  of  the  material  from  Schemnits,  Hungary,  known  as  manganocalcite.    Triclinic.    In 

radiating  fibrous  masses.    Color  flesh-red  to  rose.     H.  »  5.    G.  »  3*0. 

m 
Orientite.    Ca4Mn4fSi04)ft.4H20.      Orthorhombic.     Radiating  prismatic.     Brown  to 
black.      Transparent   to   opaque.       H.  «  4*5-5.      G.  «  3.      Optically  -f.      a  =  1*758. 
^  =  1*776.    7  »  1*795.     From  Oriente  Province,  Cuba. 

Hodekinsonite.  3(Zn,Mn)O.Si02.H20.  Monoclinic.  In  acute  pjn-amidal  crystals. 
Perfect  basal  cleavage.  H.  «  4*5-5.  G.  =  3*91.  Color,  bri^t  pink  to  reddish  brown, 
n  =  1*73.    Decrepitates  and  then  fuses  readily.     Soluble  in  acids.     From  Franklin,  N.  J. 

Gajseite,  —  A  hydrous  silicate  of  manganese,  magnesium  and  zinc,  8RO.3SiOs.2HsO.  In 
radiating  groups  of  needle-like  crystals.    Colorless  and  transparent.    From  Franklin,  N.  J. 

Caryopilite.  Approximately  4MnO.3Si02.3HsO.  In  stalactitic  and  reniform  shapes. 
G.  «  2*83-2*91.    Color  brown.    From  the  Harstig  mine  near  Pajsberg,  Sweden. 

Neotocite.  A  hvdrated  silicate  of  manganese  and  iron,  of  doubtful  composition,  usu- 
ally derived  from  the  alteration  of  rhodonite.  Amorphous.  Color  black  to  dark  brown 
and  liver-brown. 
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Searieaite.  NaB(SiOa)t.H^.  Monodinic  (7).  In  minute  sphenilites  compoaed  of 
radiating  fibers.  Color  white.  Indices.  1 '52-1*53.  Fusible.  Decomposed  by  hydro- 
chloric acid.    Foimd  at  Searles  Lake,  San  Bernardino  Co.,  Cal. 

Colerainite.  4Mg0.iVlx08.2SiOi.5HiO.  Hexagonal.  In  minute,  thin,  hexagonal  plates. 
H.  -  2-5-3.  G.  =  2-51.  Colorless  or  white.  Optically  -f .  Index,  1  56.  Found  in  Black 
Lake  area,  Coleraine  township,  Quebec. 

Tartabkaite.  a  complex  hydrous  silicate  of  aluminium,  magnesimn,  etc.  Tabular 
crystals.  G.  «  2*7.  Color  dark  (pray  to  black.  Uniaxial,  +.  In  limestone  on  the  Tar^ 
tarka  hver,  Yenisei  District,  Siberia. 


ITANO-SILICATES,  TITANATES 

This  section  inciwles  the  common  calcimn  titano-siUcate,  Titanite;  also  a 
number  of  siUcates  which  contain  titanium,  but  whose  relations  are  not  alto- 
gether clear;  further  the  titanate,  Perovskite,  and  niobo-titanate,  Dysanalyte, 
which  is  intermediate  between  Perovskite  and  the  species  Pyrochlore,  Micro- 
lite,  Koppite  of  the  following  section. 

In  general  the  part  played  by  titanium  in  the  many  silicates  in  which  it  enters  is  more 
or  less  tmcertain.  It  is  probably  in  most  cases,  as  shown  in  the  preceding  pages,  to  be  taken 
as  replacing  the  silicon;  in  others,  however,  it  seems  to  play  the  part  of  a  ds^c  element;  in 
schonomite  (p.  510)  it  may  ent^  in  both  relations. 

TITANITE.    Sphene. 

Monoclinic.    Axes  a  : 6  :  c  =  07547  : 1  :  0-8643;  fi  =  60**  17'. 
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Twins:  tw.  pi.  a  (100)  rather  common,  both  contact-twins  and  cruciform 
penetration-twins.     Crystals  very  varied  in  habit;   often  wedge-shaped  and 
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flattened  ||  c  (001);  also  prismatic.  Sometimes  massive,  compact;  rarely 
lamellar. 

Cleavage:  m  (HO)  rather  distinct;  a  (100),  I  (Tl2)  imperfect;  in  greeno- 
vite,  n  (111)  easy,  t  (111)  less  so.  Parting  often  easy  ||  rj  (221)  due  to  twinning 
lamellse.  H.  ^  5-5*5.  G.  =  3'4-3'56.  Luster  adamantine  to  resinous. 
Color  brown,  gray,  yellow,  green,  rose-red  and  black.  Streak  white,  slightlv 
reddish  in  greenovite.    Transparent  to  opaque. 

Pleochroism  in  general  rather  feeble,  but  distinct  in  deep-colored  kinds: 
Z,  red  with  tinge  of  yellow;  F,  yellow,  often  greenish;  Xy  nearly  colorless. 
Optically  -|-  .  Ax.  pi.  ||  6  (010).  Bx  nearly  J.  z  (102),  i.e.,  Bx  A  c  axis  = 
+  51°.  Dispersion  p  >  v  very  large,  and  hence  the  peculiaiity  of  the  axial 
interference-figure  in  white.  Ught.  Axial  angles  variable.  2V  =  27°.  a  = 
1-900.    /3  =  1-907.     7  =  2034. 

Var.  —  Ordinary,  (a)  Titanite;  brown  to  black,  the  original  being  thus  colored,  also 
opaque  or  subtranslucent.  (6)  Sphene  (named  from  <r4t^Vf  a  wedge);  of  light  shades,  as 
yellow,  greenish,  etc.,  and  often  translucent;  the  original  was  yellow.  LigwrUe  is  an  apple- 
green  sjHiene.  SpirUhere  (or  Semeline)  a  greenish  kind.  Lederite  is  brown,  opaque,  or  sub- 
translucent,  of  the  form  in  Fig.  960. 

TitanomorphUe  is  a  white  mostly  granular  alteration-product  of  rutile  and  ilmenite.  not 
unoonmion  in  certain  crystalline  rocks;   here  also  belongs  most  leucoxene  (sec  p.  418). 

Manganesian;  GreenovUe.  Red  or  rose-colored,  owing  to  the  presence  of  a  Lttle  man- 
ganese; from  St.  Marcel,  Piedmont,  Italy:  from  Jothv^  in  Ndrukot,  India. 

Containing  yttrium  or  cerium.    Here  belong  groihUe^  alshedite,  eucolite-titaniie. 

Comp.  —  CaTiSiOft  or  CaO.TiOj.SiO,  =  Silica  30-6,  titanium  dioxide 
40'8y  hme  28*6  =  100.  Iron  is  present  in  varying  amounts,  sometimes  man- 
ganese and  also  yttrium  in  some  kinds. 

Pyr^  etc.  —  B.B.  some  varieties  change  color,  becoming  yellow,  and  fuse  at  3  with 
intumescence,  to  a  yellow,  brown  or  black  elaBS.  With  borax  they  afford  a  clear  yellowish 
green  glass.  Imperfectly  soluble  in  heated  hydrochloric  acid;  and  if  the  solution  be  con- 
centrated along  with  tin,  it  assumes  a  fine  violet  color.  With  salt  of  phosphorus  in  R.  F. 
gives  a  violet  bead:  varieties  containing  much  iron  require  to  be  treated  with  the  flux  on 
charcoal  with  metallic  tin.     Completely  decomposed  by  sulphuric  and  hydrofluoric  acids. 

Diff.  —  Characterized  by  its  oblioue  crvstallization,  a  wedge-shaped  form  common;  by 
resinous  (or  adamantine)  luster;  hardness  less  than  that  of  staurolite  and  greater  than  that 
of  sphalerite.  The  reaction  for  titanium  is  distinctive,  but  less  so  in  varieties  containing 
mucn  iron. 

Micro.  —  Distinguished  in  thin  sections  by  its  acute-angled  form,  often  lozenge-shaped; 
its  generally  pale  brown  tone;  very  high  rehef  and  remarkable  birefringence,  causing  the 
section  to  show  white  of  the  higher  order;  by  its  biaxial  character  (showing  many  lemnis- 
cate  curves) :  and  by  its  great  dispersion,  which  produces  colored  hyperbolas. 

Artif.  —  Titanite  is  apparently  produced  artificially  only  with  difficulty.  It  has  been 
obtained  by  fusing  together  silica  and  titanic  oxide  with  calcium  chloride. 

Obs.  —  Titanite,  as  an  accessory  component,  is  widespread  as  a  rock  forming  mineral, 
though  confined  mostly  to  the  acidic  feldspathic  i^eous  rocks;  it  is  much  more  common 
in  the  plutonic  granular  types  than  in  the  volcanic  forms.  Thus  it  is  found  in  the  more 
basic  hornblende  ^anites,  syenites,  and  diorites,  and  is  especially  common  and  character- 
istic in  the  nephehte-syenites.  It  occurs  also  in  the  metamorphic  rocks  and  especially  in 
the  schists,  gneisses,  etc.^  rich  in  magnesia  and  iron  and  in  certain  granular  limestones.  It 
is  also  found  in  beds  of  iron  ore;  commonly  associated  minerals  are  pyroxene,  amphibole, 
chlorite,  scapolite,  zircon,  apatite,  etc.  In  cavities  in  gneiss  and  granite,  it  often  accom- 
panies adularia,  smoky  quartz,  apatite,  chlorite,  etc. 

Occurs  at  various  points  m  the  Grisons,  Switzerland,  associated  with  feldspar  and 
chlorite;  Tavetsch;  Binnental;  in  the  St.  Gothard  region;  Zcrmatt  in  the  Valais;  Mader- 
anertal  in  Uri;  also  elsewhere  in  the  Alps;  in  Dauphin^  (spinthhre),  France;  in  Italy  at 
AJa  (ligurite)  and  at  St.  Marcel,  in  Piedmont;  at  Schwarzenstein  and  Rothenkopf  m  the 
ZiUertal,  Pfitsch,  Tyrol;  Zoptau,  Moravia;  near  Tavistock.  England;  near  Tremadoc,  in 
North  Wales;  from  Kragero  and  in  titanic  iron  at  Arendai,  Norway;  with  magnetite  at 
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Nordmarki  Sweden;  Achmatovsk,  Ural  Mis.  Occasionally  found  among  volcanic  rocks, 
as  at  Lake  Laach  (semdine)  and  at  Andernach  on  the  Rhine. 

In  Me.,  in  fine  crystals  at  Sandford.  In  Mass.,  in  meiss^  in  the  east  part  of  Lee;  at 
Bolton  with  p3rroxene  and  scapollte  in  limestone.  In  N.  Y.,  at  Roger's  Rock  on  Lake 
George,  abundant  in  small  brown  crystals;  at  Gouvemeur,  in  black  crystals  in  granular 
limestone;  in  Diana  near  Natural  Bndge,  Lewis  Co.,  in  large  dark  brown  crystals,  among 
which  is  the  variety  lederiie;  at  Roesie,  Fine,  Pitcaim,  St.  Lawrence  Co.;  in  Orange  Co., 
in  limestone;  near  Edenville,  in  light  brown  crystals  in  limestone;  at  Brewster,  at  the 
Tilly  Foster  iron  mine.  In  N.  J.,  at  Franklin  Furnace,  honey-yellow.  In  Pa.,  Bucks  Co. 
three  miles  west  of  Attleboro^  associated  with  wollastonite  and  graphite.  In  N.  C,  at 
Statesville,  Iredell  Co.,  yellowish  white  with  sunstone;  also  Buncombe  Co.,  Alexander  Co., 
and  other  points. 

Occurs  in  Canada  in  Quebec  at  Grenville,  Argenteuil  Co.;  also  Buckingham,  Templeton, 
Wakefield,  Hull,  Ottawa  Co.;  in  Ontario  at  North  Burgess,  honey-jrellow;  near  Eganville, 
Renfrew  Co.,  in  very  large  dark  brown  crystals  with  apatite,  amphibole,  zircon. 

Molengraaffite.  A  titano-silicate  of  lime  and  soda.  Monoclinic(?).  In  imperfect  pris- 
matic crystals.  Cleavage  (100)  perfect.  Color  yellow-brown.  Indices,  1*73-1 77.  Jrom 
a  rock,  ^^ujaurite,"  in  Pilandsberg,  near  Rustenberg,  Transvaal. 

Keilhauite.  A  titano-sihcate  of  calcium,  aluminium,  ferric  iron,  and  the  yttrimn 
metals.  Crystals  near  titanite  in  habit  and  angles.  H.  «  6*5.  G.  »  3*52-3*77.  Color 
brownish  black.    From  near  Arendal,  Norway. 

Tschefifkinite.  A  titano-silicate  of  the  cerium  metals,  iron,  etc.,  but  an  alteration 
product^  more  or  less  heterogeneous,  and  the  composition  of  the  original  mineral  is  very 
uncertam.  Massive,  amorpnous.  H.  =  5-5*5.  G.  =  4*508-4*649.  Color  velvet-black. 
From  the  Ilmen  mountains  in  the  Ural  Mts.  Also  from  South  India,  Kanjamalai  Hill, 
Salem  district.  An  isolated  mass  weighing  20  lbs.  has  been  found  on  Hat  Creek,  near  Maa- 
sie's  MiUs,  Nelson  Co.,  Va.;  also  found,  south  of  this  point,  in  Bedford  Co. 

Astrophyllite.  Probably  R4R4Ti(Si04)4  with  R  =  H,  Na,  K,  and  R  =  Fe^  Mn  chiefly, 
including  also  FeiOs.  Orthorhombic.  In  elongated  crystals;  also  in  thin  strips  or  blades; 
sometimes  in  stellate  groups.  Cleavage:  h  (010)  perfect  like  mica,  but  laminae  brittle. 
H.  =  3.  G.  =  3*3-3*4.  Luster  submetallic,  pearly.  Color  bronze-yellow  to  gold-ydlow. 
Optically  +.     Indices.  1*678-1*733. 

Occurs  on  the  small  islands  in  the  Langesimd  fiord,  near  Brevik,  Norway,  in  ekeolite- 
syenite,  embedded  in  feldspar,  with  catapleiite,  seginte,  black  mica,  etc.  Similarly  at 
Kangerdluarsuk  and  Narsarsuk,  Greenland.  Also  with  arfvedsonite  and  zircon  at  St. 
Peter's  Dome,  Pike's  Peak,  El  Paso  Co.,  Col. 


Johnstrupite.  A  silicate  of  the  cerium  metals,  calcium  and  sodium  chiefly,  with  titan- 
ium and  fluorine.  In  prismatic  monoclinic  crystals.  G.  =  3*29.  Color  brownish  green. 
Index,  1*646.    From  near  Barkevik,  Norway. 

Mosandrite.    Near  johnstrupite  in  form  and  composition  and  from  the  same  region. 

Rinkite,  also  near  johnstrupite,  is  from  Greenland. 

Narsarsukite.  A  highly  acidic  titano-silicate  of  ferric  iron  and  sodimn.  Tetragonal. 
In  tabular  crystals.  Fine  prismatic  cleavage.  H.  =  7.  G.  =  2*7.  Color  honey-yellow, 
on  weathering  brownish  gray  or  ocher-yellow.  «  =  1*55.  Fusible.  In  pegmatite  at 
Narsarsuk,  southern  Greemand. 

Neptunite.  A  titano-silicate  of  iron  (manganese)  and  the  alkali  metals.  In  prismatic 
monoclinic  crystals.  H.  =  5-6.  G.  =  3*23.  Color  black.  Streak,  cinnamon-brown. 
Mean  index,  1*70.  Pleochroic,  yellow  to  deep-red.  Found  at  Narsarsuk  and  elsewhere, 
southern  Greenland,  and  at  the  benitoite  locahty  in  San  Benito  Co.,  Cal.  (originally  callea 
carlosite), 

Benitoite.  BaTiSisO*.  Hexagonal,  trigonal  (ditrigonal-bipyramidal).  In  crystals 
with  p(lOll)  prominent.  H.  =  6'2-6'5.  G .  =  3*6.  Color  sappnu^blue  to  light  blue  and 
colorless.  Transparent.  Strongly  dichroic,  deep  blue  to  colorless,  (o  ^  1*77.  Fusible 
at  3.  Found  associated  with  neptunite  and  natrolUe  near  the  headwaters  of  the  San  Benito 
River  in  San  Benito  Co.,  Cal. 

Leucosphenite.  Na4Ba(TiO)s(SiiO05-  Monoclinic.  In  minute  wedge-shaped  crystals. 
Distinct  cleavage.  H.  =  6*6.  G.  «  3*0.  Color  white,  fi  =  1*66.  Difficultly  fusible. 
From  Narsarsuk,  southern  Greenland. 
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Lorenzenite.  Nas(TiO)tSis07.  Containfl  considerable  zirconia.  Orthorhombic.  h 
minute  acicular  crystals.  Distinct  cleavage.  H.  ^^  6.  G.  »=  3*4.  /3  about  1*78.  FusiUe. 
From  Nar8ar9uk,  southern  Greenland. 

Joaquinite.  A  titano-silicate  of  calcium  and  iron.  Orthorhombic.  Color,  bonfy- 
yellow.    Associated  with  benitoiie  from  San  Benito  Co.,  Cal. 


PEROVSKITE.    Perofskite. 

IsomjBtric  or  pseudo-isometric.  Crystals  in  general  (Ural  Mts.,  Zennatt, 
Switzerland)  cubic  in  habit  and  often  highly  modified,  but  the  faces  often 
irregularly  distributed.  Cubic  faces  striated  parallel  to  the  edges  and  appar- 
ently penetration-twins,  as  if  of  pyritohedral  individuals.  Also  in  remform 
masses  showing  small  cubes. 

Cleavage:  cubic,  rather  p)erfect.  Fracture  uneven  to  subconchoidal. 
Brittle.  H.  =  5*5.  G.  =  4017-4 -039.  Luster  adamantine  to  metaUic-ada- 
mantine.  Color  pale  yellow,  honey-yellow,  orange-yellow,  reddish  brown, 
grayish  black.  Streak  colorless,  grayish.  Transparent  to  opaque.  Usually 
exhibits  anomalous  double  refraction.    Mean  index,  about  2*38. 

Geometrically  considered,  perovskite  conforms  to  the  isometric  system;  optically,  how- 
ever, it  is  imiformly  biaxial  and  usually  positive.  The  molecular  structure  (also  as  deTd- 
opea  by  etching)  seems  to  correspond  to  orthorhombic  synmietry.    Of.  Art.  429. 

Comp.  —  Calcium  titanate,  CaTiOs  =  Titanium  dioxide  58*9,  lime  41-1 
=^  100.    Iron  is  present  in  small  amount  replacing  the  calcium. 

PVr.,  etc.  —  In  the  forceps  and  on  charcoal  infusible.  With  salt  of  phosphorus  in  O.F. 
dissolves  easily,  giving  a  greenish  bead  while  hot,  which  becomes  colorless  on  cooling;  in 
R.F.  the  bead  changes  to  grayish  green,  and  on  cooling  assumes  a  violet-blue  color.  En- 
tirely decoDjposed  by  boiling  sulphuric  acid. 

Obs.  —  Occurs  in  small  crystals,  associated  with  chlorite,  and  magnetic  iron  in  chlorite 
slate,  at  Achmatovsk,  near  Zlatoust,  in  the  Ural  Mts.;  at  Schelingen  in  the  Kaiserstuhl, 
Germany,  in  granular  limestone;  in  the  valley  of  Zermatt,  Switzerland,  near  the  Findelen 
elacier;  at  Wildkreuzjoch,  between  Pfitsch  and  Pfunders  in  Tyrol,  Austria;  various 
locahties.  Piedmont,  Italv.  Sometimes  noted  in  microscopic  octahedral  crystals  as  a  rock 
constituent;  thus  in  nephelite-  and  melilite-basalts:  also  m  serpentine  (altered  peridotite) 
at  Syracuse,  N.  Y.;  in  igneous  rocks,  Beaver  Creek,  Gunnison  Co.,  Col. 

Knopite.  Near  perovskite  but  contains  cerium.  In  black  isometric  crystals.  From 
Alno,  Sweden. 

Dysanalyte.  A  titano-niobate  of  calcium  and  iron,  like  perovskite  with  lime  replaced 
to  some  extent  by  iron,  etc.  Pseudo-isometric,  probably  orthorhombic.  In  cubic  crystals. 
Color,  iron-black.  From  the  granular  limestone  of  Vo^burg,  Kaiserstuhl,  Baden,  Ger- 
many. Has  previously  beoi  called  perovskite.  but  is  m  fact  intermediate  between  the 
titanate,  perovskite,  and  the  niobates,  pyrocnlore  and  koppite.  From  Mte.  Sonmia, 
Vesuvius. 

A  related  mineral,  which  has  also  long  passed  as  perovskite,  occurs  with  magnetite, 
brookite,  rutile^  etc.,  at  Magnet  Cove,  Ark.  It  is  in  octahedrons  or  cubo-octahedrons, 
black  or  brownish  black  in  color  and  submetaUic  in  luster. 

See  also  the  allied  titanate,  bixbyite,  mentioned  on  p.  425. 

Geikiellte.  Magnesium  iron  titanate,  (Mg,Fe)TiOa.  Hexagonal,  rhombohedral.  Usu- 
ally massive,  as  rolled  pebbles.  H.  =  6.  G.  =  4.  Color  bluish  or  brownish  black. 
Index,  very  nigh.    From  Ceylon. 

Delorenzite.  A  titanate  of  iron,  uranium  and  yttrium  of  uncertain  composition.  Or- 
thorhombic. Prismatic  habit.  Color  black.  Resinous  luster.  Found  in  pegmatite  at 
Graveggia,  Val  Vigezzo,  Piedmont,  Italy. 

Yttrocrasite.  A  hydrous  titanate  of  the  3rttrium  earths  and  thorium.  Orthorhombic. 
H.  =  5*5-6.  G.  =  4*8.  Black  color  with  pitchy  to  resinous  luster.  Infusible.  Found 
in  Burnet  Co.,  three  miles  east  of  Barringer  Hill,  Texas. 

Brannerite.  Essentially  (UO,TiO,UOj)Ti08.  Prismatic  crystals  or  eranular.  Black. 
Streak,  dark  greenish  brown.  H.  =  4*5.  G.  =  45-5"4.  Found  in  gold  placers,  Stanley 
Basin,  Idaho. 
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Oxygen  Salts 

3.  NIOBATES,  TANTALATES 

The  Niobates  (Columbates)  and  Tantalates  are  chiefly  salts  of  metaniobic 
and  metatantalic  acid,  RNbjOe  and  RTa206;  also  in  part  Pyroniobates, 
R2Nbj07,  etc.  Titanium  is  prominent  in  a  number  of  the  species,  which  are 
hence  intermediate  between  the  niobates  and  titanates.  Niobium  and  tanta- 
lum also  enter  into  the  composition  of  a  few  rare  silicates,  as  wohlerite,  laven- 
ite,  etc. 

The  following  groups  may  be  mentioned: 

The  isometric  Pyrochlobe  Group,  including  pyrochlore,  microlite,  etc. 
The  tetragonal  Fergusonite  Group,  including  fergusonite  and  sipylite. 
The  orthorhombic  Columbite  Group,  including  columbite  and  tantalite. 
Also  the  orthorhombic  Samarskite  Group,  includmg  yttrotantalite,  samarsk- 
ite,  and  annerodite. 

The  species  belonging  in  this  class  are  for  the  most  part  rare,  and  are 
hence  but  briefly  described. 

PYROCHLORE. 

Isometric.     Commonly  in  octanedrons;  also  in  grains. 

Cleavage:  octahedral,  sometimes  distinct.  Fracture  conchoidal.  Brittle. 
H.  =  5-5*5.  G.  =  4-2-4'36.  Luster  vitreous  or  resinous,  the  latter  on  frac- 
ture surfaces.  Color  brown,  dark  reddish  or  blackish  brown.  Streak  light 
brown,  yellowish  brown.     Subtranslucent  to  opaque, 

Comp.  —  Chiefly  a  niobate  of  the  cerium  metals,  calcium  and  other 
bases,  with  also  titanium,  thorium,  fluorine.  Probably  essentially  a  metanio- 
bate  with  a  titanate,  RNb206.R(Ti,Th)08;  fluorine  is  also  present. 

Obs.  —  Occurs  in  ekeolite-syenite  at  Fredriksvfirn  and  Laurvik,  Norway;  on  the  island 
Lovd,  opposite  Brevik,  and  at  several  points  in  the  Langesund  fiord;  near  Miask  in  the  Ural 
Mts.  Named  from  irDp,  firey  and  xKtapo^y  green,  because  B.B.  it  becomes  yellowish  green. 
A  variety  of  pyrochlore  from  near  Wausau,  Wis.,  has  been  called  marignacUe. 

Neotantalite.  Composition  near  that  of  tantalite.  Isometric,  in  octahedrons. 
H.  =  5-6.    G.  =  5*2.    Ck)lor  clear  yellow.    Refractive  index,  1*9.    Found  with  kaolin 

at  Colettes  and  Echassidres,  Dept.  TAllier,  France. 

n  II 

Chalcolamprite.  RNbaOeFa.RSiOs.  Isometric.  In  small  octahedrons.  H.  «  5-5. 
G.  =  3*8.  Color  dark  gray-brown.  Crystal  faces  show  a  copper-red  metallic  iridescence. 
Occurs  sparingly  at  Narsarsuk,  South  Greenland.  Endeiolite  is  a  similar  mineral  from  the 
same  locality  supposed  to  have  the  same  composition  with  the  substitution  of  the  hydroxyl 
group  for  the  fluorine. 

Koppite.  Essentially  a  pyroniobate  of  cerium,  calcium^  etc.,  near  pyrochlore.  In 
minute  brown  dodecahedroiis.  G.  »  4*45-4*66.  From  Schehngen,  Kaiserstuhl,  Germany, 
embedded  in  limestone. 

Hatchettolite.  A  tantalo-niobate  of  uranium,  near  pvrochlore.  In  octahedrons  with 
a  (100)  and  m  (311).  G.  =  477-4'90.  Color  yellowish  brown.  Occurs  with  samarskite, 
at  the  mica  mines  of  Mitchell  Co.,  N.  C. ;  from  Mesa  Grande,  Cal. 

Samiresite.  A  niobate  of  uranium,  etc.  Isometric.  In  octahedrons.  G.  »  5  24. 
Color  golden-yellow.    From  Antsirab^,  on  Samiresy  Hill,  Madagascar. 

Microlite.  Essentially  a  calcium  pyrotantalate,  Ca2Ta207,  but  containing  also  nio- 
bium, fluorine  and  a  variety  of  bases  in  small  amount.  Isometric.  Habit  octa- 
hedral; crystals  often  very  small  and  highly  modified.  H.  =  5*5.  G.  =  5*485-5*562; 
613  Virginia.  Color  pale  yellow  to  brown,  rarely  hvacinth-red.  n  =  1*94.  From 
Chesterfield,  Mass.,  in  albite;  Branch ville.  Conn.;  Rumford,  Me.;  Utd,  Sweden;  Green- 
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land.    Also  in  fine  crystals  up  to  1  in.  in  diameter  at  the  mica  mines  at  Amelia  Court- 
House,  Amelia  Co.,  Va. 

Pyrrhite.  Probably  a  niobate  related  to  pyrochlore,  and  peiiiaps  identical  with 
microlite.  Occurs  in  minute  orange-yellow  octahecfrons.  From  Alabashka,  near  MursinkA 
in  the  Und  Mts. ;  from  Mte.  Somma,  Vesuvius. 

RisoRiTE.  A  niobate  of  the  yttrium  metals.  Isotropic.  Ck)lor  yellow-brown. 
H.  *  5*5.    G.  =>  4 '18.    In  pegmatite  at  Risor,  Norway. 


FERGUSONITB.    Tyrite.    Bragite 

Tetragonal-pyramidal.  Axis  c  =  1*4643.  Crystals  pyramidal  or  pris- 
matic in  habit. 

Cleavage:  a  (111)  in  traces.  Fracture  subconchoidal.  Brittle.  H.  = 
5*5-6.  G.  =  5*8,  diminishing  to  4*3  when  largely  hydrated.  Luster  exter- 
nally dull,  on  the  fracture  brilliantly  vitreous  and  submetallic.  Color  brown- 
ish black;  in  thin  scales  pale  liver-brown.  Streak  pale  brown.  Subtrans- 
lucent  to  opaque.    Index,  2-19. 

Comp.  —  Essentially  a  metaniobate  (and  tantalate)  of  yttrium  with 
erbium,  cerium,  uranium,  etc.,  in  varying  amounts;  also  iron,  calcium,  etc. 

in  m 

General  formula  R(Nb,Ta)04  with  R  =  Y,Er,Ce. 

Water  is  usually  present  and  sometimes  in  considerable  amount,  but  probably  not  an 
original  constituent;  the  specific  gravity  falls  as  the  amount  increases. 

Obs.  —  From  Cape  Farewell  in  Greenland,  in  quartz;  also  at  Ytterby  and  K&rarfvet. 
Sweden.  From  near  Beforona,  Madagascar;  South  Africa;  Australia;  Ceylon;  Taka- 
yama,  Mino,  Japan.  Tyrite  is  associated  with  euxenite  at  Hampem3rr  on  the  idland  of 
Tromd,  and  Helie  on  the  mainland,  Norway;  bragite  is  from  Helle^  Narestdj  etc.,  Norway. 

Found  in  the  United  States,  at  Rockport,  Mass.,  in  granite;  m  the  Brmdletown  fooid 
district^  Burke  Co.^  N.  C,  in  gold  wajshings;  with  zircon  in  Anderson  Co.,  S.  C;  at  the 
gadolimte  locality  m  Llano  Co.,  Texas,  in  considerable  quantity. 

Sipylite.  A  niobate  of  erbium  chiefly,  also  the  cerium  metals,  etc.,  near  fergusonite 
in  form.  Rarely  in  octahedral  crystals.  Usually  in  irreg[ular  masses.  U.  —  4*89.  Color 
brownish  black  to  brownish  orange.    Occurs  sparingly  with  allanite  in  Amherst  Co.,  Va, 


COLUMBITE-TANTALITE. 

Orthorhombic.    Axes  a:b:c  =  0*8285  :  1  :  0-8898. 

yy"',    210  A  2T0  «  45**    0'.  ce,      001  A  021  =  60**  40^. 

mm'",  110  A  lIO  «  79**  17'.  oo,      100  A  111  =  51**  16'. 

gg',      130  A  130  =  43**  50'.  cu,     001  A  133  =  43**  48'. 

ck,       001  A  103  «=  19**  42'.  mw',    133  A  l33  =  29**  57'. 

eg,        001  A  023  «  30**  41'.  ut*'",  133  A  l53  =  79**  54'. 

Twins:  tw.  pi.  e  (021)  common,  usuaUy  contact-twins,  heart-shaped  (Fig. 
385,  p.  160),  also  penetration-twins;  further  tw.  pi.  q  (023)  rare  (Fig.  434,  p. 
169).  Crystals  short  prismatic,  often  rectangular  prisms  with  the  three  pina- 
coids  prominent;  also  thin  tabular  ||  a  (100);  the  pyramids  often  but  slightly 
developed,  sometimes,  however,  acutely  terminated  by  u  (133)  alone.  Also  in 
large  groups  of  parallel  crystals,  and  massive. 

Cleavage:  a  (100)  rather  distinct;  b  (010)  less  so.  .  Fracture  subconchoidal 
to  uneven.  Brittle.  H.  =  6.  G.  =  5 '3-7 '3,  varying  with  the  composition 
(see  below).  Luster  submetallic,  often  very  brilliant,  sub-resinous.  Color 
iron-black,  grayish  and  brownish  black,  opaque;   rarely  reddish  brown  and 
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translucent;  frequently  iridescent.    Streak  dark  red  to  black.     Optically  -4- . 
a  =  2-26.    /3  =  2'2d.     7  =  2-34. 
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Middletown 


Black  Hills 


Greenland 


Comp.  —  Niobate  and  tantalate  of  iron  and  manganese,  (Fe,Mn)(Nby 
Ta)206y  passing  by  insensible  gradations  from  normal  Columbite,  the  nearly 
pure  niobate,  to  normal  Tantalite,  the  nearly  pure  tantalate.  The  iron  and 
manganese  also  vary  widely.  Tin  and  tungsten  are  present  in  small  amount. 
The  percentage  composition  for  FeNb20fl  =  Niobium  p)entoxide  827,  iron 
protoxide  17*3  =  100;  for  FeTajOe  =  Tantalum  pentoxide  86-1,  iron  protox- 
ide 13-9  =  100. 

In  some  varieties,  manganocolumbite  or  manganoUmtalitef  the  iron  is  largely  replaced  by 
manjBinese. 

The  connection  between  the  specific  gravity  and  the  percentage  of  metallic  acids  is 
shown  in  the  following  table: 

Ta.O» 
3-3 
16-8 
13-8 
13-4 
100 


G. 

Greenland 

5-36 

Acworth,  N.  H. 

6-65 

Limoges 

5-70 

Bodenmais  (DianiU) 

5-74 

Haddam 

5'86 

G. 

Taa05 

Bodenmais 

5-92 

271 

Haddam 

605 

30-4 

Bodenmais 

6-06 

35-4 

Haddam 

613 

31-6 

TanUdUe 


703 


65-6 


f.  —  Distinguished  (from  black  tourmaline,  etc.)  by  orthorhombic  crystallization, 
rectangular  forms  common;  high  specific  gravity:  submetaUic  luster,  often  with  iridescent 
surface;  cleavage  much  less  distinct  than  lor  wolframite. 

Pyr.,  etc.  —  For  tarUatUey  B.B.  alone  imaltered.  With  salt  of  phosphorus  dissolves 
slowty,  giving  an  iron  glass,  which  in  R.F.  is  i]»le  yellow  on  cooling;,  treated  with  tin  on  char- 
coal it  becomes  green.  Decomposed  on  fusion  with  jsotassium  oisulphate  in  the  platinum 
spoon,  and  gives  on  treatment  with  dilute  hydrochloric  acid  a  yellow  solution  anci  a  heavy 
white  powder,  which,  on  addition  of  metaUic  zinc,  assumes  a  smalt-blue  color;  on  dilution 
with  water  tne  blue  color  soon  disappears.  Cclumbitey  when  decomposed  by  fusion  with 
caustic  potash,  and  treated  witiii  hydrochloric  and  sulphuric  acids,  gives,  on  the  addition  of 
zinc,  a  blue  color  more  lasting  than  with  tantaUte.  Partially  decomposed  when  the  powdered 
mineral  is  evaporated  to  dryness  with  concentrated  sulphuric  acid,  its  color  is  changed  to 
white,  light  ^y,  or  yellow,  and  when  boiled  with  hydrochloric  acid  and  metallic  zinc  it 
gives  a  beautiful  blue. 

Obs.  —  Columbite  occurs  at  Rabenstein  and  Bodenmais,  Bavaria,  in  granite;  Tam- 
mela,  in  Finland;  Chanteloube,  near  Limoges,  France,  in  pegmatite  with  tantalite;  near 
Miadc,  in  the  Ilmen  Mts.,  Russia,  with  samarskite;  in  the  gold-washings  of  the  Sanarka 
region  in  the  Ural  Mts.;  in  Greenland,  in  cryolite,  at  Ivigtut  (or  Evigtok),  in  brilliant 
crystals.     In  crjrstals  from  Ampangab^  and  Ambatofotsikdy,  Madagascar. 

In  the  United  States,  in  Me.,  at  Standi^,  in  splendent  crystals  in  granite;  also  at  Stone- 
ham  with  cassiterite,  etc.,  manganotantalite  from  Rumford.  In  N.  H.,  at  Acworth,  at  the 
mica  mine.  In  Mass.,  at  Chesterfield;  Northfield.  In  Conn.,  at  Haddam,  in  a  granite 
vein;  near  Middletown;  at  Branch ville,  Fairfield  Co.,  in  a  vein  of  albitic  granite,  in  large 
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crystals  and  aggregates  of  crystab,  also  in  minute  translucent  crystals  (manganocalumbiJU , 
upon  spodumene.  In  N.  Y..  at  Greenfield,  with  chrysoberyl.  fn  Pa.,  Mineral  HiU,  Ddb- 
ware  Co.  In  Va.,  Amelia  Co.,  in  fine  splendent  crystals  with  microlite,  monazite,  etr 
In  N.  C,  with  samarskite  at  the  mica  mines  of  Mitchell  Co.  In  Col^  on  microdine  st 
the  Pike's  Peak  region;  Turkey  Creek,  Jefferson  Co.  In  S.  D.  in  the  Black  Hills  r^icm. 
common  in  the  granite  veins.  In  Cal.,  King's  Creek  district,  Fresno  Co.,  from  Rincpn  and 
mainganjotanialite  from  Pala. 

MangantarUalite  (Nordenskiold)  from  Utd,  Sweden,  occurs  with  petalite,  lepidolite, 
microlite,  etc.  Manganotantalite  (Arzruni)  is  from  gold-wsfihings  in  the  &marka  regiion  in 
the  Ural  Mts.;  from  Pilbarra  district.  West  Australia. 

Massive  tantalite  occurs  in  Finland,  in  Tanmiela,  at  HarkSsaari  near  Torro:  in  Kimito, 
at  Skogbole;  in  Somero  at  Kaidasuo,  and  in  Kuprtane  at  Katiala,  with  lepidoute,  tourma- 
line, and  beryl;  in  Sweden,  near  Falun,  at  Broddbo  and  Finbo;  in  France,  at  Chanteloube 
near  LinM>ge8,  m  pegmatite.  In  the  United  States,  in  Yancejr  Co.,  N.  C.;  Coosa  Co.,  Ala.; 
also  in  the  Black  Hills,  S.  D.;  in  lar^  masses  near  Cafion  Caty,  Col. 

Use.  —  Source  of  tantalum  used  m  making  filaments  for  incandescent  electric  li^ts. 

Tapiolite.  Fe(Ta,Nb)sO$.  Like  tantalite,  but  occurring  in  square  tetragonal  octa- 
hedrons. Tapiolite  shows  close  similarities  with  the  minerals  of  the  Rutile  Group,  in 
which  some  authors  place  it.  G.  «  7 '496.  Color  pure  black.  From  the  KuhnaiA  rarm, 
Tammela,  Finland.  In  twin  crystals  from  Topsham,  Me.  MossiUy  a  niobium  tapiolite. 
Found  at  Berg  near  Moss,  Norway.  SkogbiHUe  and  ixioliU  are  twinned  varieties  of  tapio- 
lite. 

Stibiotantalite.  (SbO)t(Ta,Nb)s06.  Orthorhombic,  hemimorphic  in  direction  of  o 
axis.  Polysynthetic  twinning  parallel  to  a  (100).  Cleavage  a  (perfect).  H.  =  55. 
G.  «  6'0-7'4  (varying  with  composition).  /?.  «  2  40-2 -42.  Fusible.  Color  brown,  reddi^ 
yellow,  yellow.  Luster  adamantine  to  resinous.  Originally  found  in  tin-bearing  sands  of 
Greenbushes,  Australia.    In  crystals  from  Mesa  Grande,  San  Diego  Co.,  Cal. 


YTTROTANTALITE. 

Orthorhombic.  Axes  a  :  5  :  c  =  0-5412  :  1  :  ri330.  Crystals  prismatic, 
mm"'  110  A  no  =  56°  50'. 

Cleavage:  b  (010)  very  indistinct.  Fracture  small  conchoidal.  H.  = 
6-5*5.  G.  =  5'5--5*9.  Luster  submetallic  to  vitreous  and  greasy.  Color 
black,  brown,  brownish  yellow,  straw-yellow.  Streak  gray  to  colorless. 
Opaque  to  subtranslucent. 

Comp.  —  Essentially  RRa(Ta,Nb)40i6.4H20,  with  R  =  Fe,  Ca,  R  =  Y, 

Er,  Ce,  etc.    The  water  may  be  secondary. 

The  so-called  yellow  yttrotantaUte  of  Ytterby  and  K&rarfvet  belongs  to  ferffusonite. 

Obs.  —  Occurs  in  Sweden  at  Ytterby,  near  Vaxholm,  in  red  feldspar;  at  Finbo  and 
Broddbo,  near  Falun,  in  southern  Norway. 

SAlfARSKITE. 

Orthorhombic.  Axes  a  :b  :c  =  05456  :  1  : 0-5178.  Crjrstals  rectangu- 
lar prisms  (a  (100),  b  (010),  with  e  (101)  prominent). 
Angles,  mm'''  110  A  iTO  =  57°  14';  ee'  101  A  101  =  Sr. 
Faces  rough.  Commonly  massive,  and  in  flattened 
embedded  grains. 

Cleavage:  b  (010)  imperfect.  Fracture  conchoidaL 
Brittle.  H.  =  5-6.  G.  =  5-6-5-8.  Luster  vitreous  to 
resinous,  splendent.  Color  velvet-black.  Streak  dark 
reddish  brown.     Nearly  opaque.     Index,  2-21. 

n    m  n 

Comp;  —  R8R4(Nb,Ta)602i    with    R  =  Fe,   Ca,   UC, 

in 

etc. ;  R  =  cerium  and  yttrium  metals  chiefly. 

Pyr.,  etc.  —  In  the  closed  tube  decrepitates,  glows,  cracks  open,  and  turns  black.    B.B. 
fuses  on  the  edges  to  a  black  glass.    With  salt  of  phosphorus  in  both  flames  an  emerald- 
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ereen  bead.  With  soda  yields  &  manganese  reaction.  Decompoeed  on  fusion  with  potaa- 
sium  bisulphate,  yielding  a  vellow  mass  which  on  treatment  with  dilute  hydrochlonc  add 
aeparatcs  whit*  tantalic  acia,  and  on  boiling  with  metallic  zinc  gives  a.  fine  blue  color.  In 
powder  sufficiently  decomposed  on  boiling  witb  concentrated  sulphuric  acid  to  give  the 
blue  reduction  test  when  the  acid  fluid  is  treated  with  metaUic  zinc  or  tin, 

Obs.  —  Occurs  in  reddish  brown  feldspar,  with  (eechynit«  and  columblte  in  the  Ilmen 
mountains,  near  Miask,  Ural  Mts.;  from  Antanamaloza,  Madagascsj-.  In  the  United 
states  rather  abundant  and  sometimes  in  large  masses  up  to  20  11^.  at  the  mica  mines  in 
Mitchell  Co..  N,  C,  intimately  associated  with  oolumbite;   sparingly  elsewhere. 

Ampangabfiite.     A  niobate  of  uranium,  etc.     In  rectangular   prisms,  probably  ortho- 


rhombic.  Color  brownish  red.  Luster  grcasv.  H.  =  4.  G.  —  3'S7-^'29.  Fuses  to  a 
black  slag.  Elasily  soluble  in  hydrochloric  acid.  Radioactive.  Found  in  paralld  growth 
with  columbite  at  Ampangab^  and  Ambatofotaikely,  Madagascar. 

AnnerBdite.  EsBcntially  B  pyro-niobate  of  uranium  and  yttrium.  In  prismatic  crys- 
tals, often  resembling  columbite.  H.  =6.  G.  ■•  5'7.  Color  black.  Item  the  p^matite 
vein  at  Anner6d,  near  Moss,  Norway. 

Hielmitfl.  A  staono-tantalate  (and  niobat«)  of  yttrium,  iron,  manganese,  calcium. 
Crystals  (orthorhombic)  usually  rough;  tnaaaive.  G.  —  5'S2.  Color  pure  black.  From 
the  K&TBifvet  mine,  Falun,  Sweden. 


facbynlte.  A  niobate  and  titanate  (thorato)  of  the  cerium  metals  chiefly,  also  in 
small  amount  iron,  calcium,  etc.  Crystals  prismatic,  orthorhombic.  Fracture  small  con- 
choidal.  Brittle.  H.  -  &-6.  G.  -  493  HittcrO;  6168  Miask.  Luster  submetallic  to 
resinous,  nearly  dull.  Color  nearly  black,  inclining  to  brownish  yellow  when  translucent. 
From  Miask  in  the  Ilmen  Mts., Russia,  in  feldsparwith  mica  and  zircon;  also  witii  euclase 
in  the  gold  sands  of  the  Orcnbura  District,  Southern  Ural  Mts.  From  HitterO,  Norway. 
Named  from  a'urxvvii,  shame,  by  Berzelius,  in  allusion  to  the  inability  of  chemical  science, 
at  the  time  of  its  discovery,  to  separate  some  of  its  constituents, 

Polvmignite.  A  niobate  and  titanat«  (zirconate)  of  the  cerium  metals,  iron,  calcium. 
Crystals  Jender  prisms,  vertically  striated,  G.  -=  4'77-4'86.  Color  black.  Occurs  at 
Frederiksv&m,  Norway. 

Enzenite.  A  niobato  and  titanate  of  yttrium,  erbium,  cerium  and  uranium.  Crystals 
rare;  commonly  massive.    H,  —  6-6.    G.  —  47--6*0.    Color  brownish  black. 

Occurs  in  Norway,  at  Jolster  near  Tvedestrand;  at  Alve,  ete.,  near  Arendal;  from 
Greenland;  from  vanous  localitiee  in  Madagascar, 

Loranskite  and  WIlKte  are  euxenite-like  minerals  from  Impilaks,  Finland.  Usually 
in  irregular  masses  but  orthorhombic  crystals  are  noted.  H.  —  Q.  G.  —  3'8-4'8.  Cokv 
black  to  brown  and  yellow. 

Polvcrase.  A  niobate  and  titanate  of  yttrium,  erbium,  cerium,  uranium,  like  euxenite. 
Cryatals  thin  prismatic,  orthorhombic.  Fracture  conchoidsl.  U.  '^  5-6.  G.  =  4'97— S'04. 
Luster  vitreous  to  resinous.    Color  black,  brownish  in  splinters. 

From  IlitterO,  Norway,  in  granite  with  ^adolinite;  at  SI &t tlLkra,  SmUaud,  Sweden.    In 
the  United  States,  in  N.  C.,  in  the  gold-washmgs  on  Davis  land,  Henderson 
Co.,  with  zircon,  monazite,  xenotime,  magnetite;  also  in  S.  C,  four  milea  *•'' 

from  Marietta  in  Greenville  Co.    Named  from  i-oXm,  many,  and  upoiru, 
mixture. 


Niobates  and  titanstes  of  yttrium,  eriiium, 
cerium  and  uranium,  similar  to  the  euxenite-polyeraee  series.  The  two 
series  may  be  dimorphous.  The  ratio  of  NWJt  :  TiOj  ranges  from 
1  ;  2  in  priorite  to  1  :  6  in  blomstrandine.  Orthohombic.  Crystals 
tabularparallel  to  &  (010).  Most  prominent  forms  are  b  (010),  c  (001) 
and  n  (130).  G.  »  4'8-4'9.  Color  brownish  black.  Originally  found  in 
a  pegmatite  vein  at  Urstad,  Island  of  HitterO,  Norway.  Also  noted  from 
Arendal  and  elsewhere  in  southern  Norway  and  from  Miask,  Ilmen  Mts., 
Russia. 

Betaflte.  A  niobate  and  titanate  of  uranium,  etc.  Isometric  with 
octahedron  and  dodecahedron.  G.  —  S'TS-l'l?.  Color,  a  greenish  black. 
Opaque.  Greasy  luster.  Found  in  pegmatites  from  various  locahtiea 
in  Madagascar,  including  Ambolotara,  near  Betafo. 
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EpistoUte.  A  niobate  of  uncertain  composition.  Anal3r8i8  shows  chiefly  SKX,  TiO* 
Na«0,  HiO.  Monoclinic.  In  rectangular  plates,  also  in  aggregates  of  curved  folia.  Basa. 
cleavage  perfect.  H.  =  1-1*6.  G.  =  2-9.  Color  white,  grayish,  brownish.  Refractirr 
index  1*67.    Found  in  pegmatite  veins  or  in  massive  albite  from  Julianehaab,  Greenland. 

Plumboniobite.  A  niobate  of  yttrium,  uranium,  lead,  iron,  etc.  Amorphous. 
H.  »  5-5'5.  G.  »  4*81.  Color  daric  brown  to  black.  Found  in  mica  mines  at  Morogoro, 
German  East  Africa. 


Oxygen  Salts 
4.  PHOSPHATES,  ARSENATES,  VANADATES,  ANTIMONATES 

« 

A.  Anhydrous  Phosphates,  Arsenates,  Vanadates,  Antimonates 

Normal  phosphoric  acid  is  HsP04)  and  consequently  normal  phosphates 


m 


972 


973 


^J^ 


n 


/$\ 


m 


m 


have  the  formulas  R3PO4,  R«(P04)i  and  RFC*,  and  similarly  for  the  arse- 
nates, etc.  Only  a  comparatively  small  number  of  species  conform  to  this 
simple  formula.  Most  species  contain  more  than  one  metallic  element,  and  in 
the  prominent  Apatite  Group  the  radical  (CaF),  (CaCl)  or  (PbCl)  entei^; 

n 

in  the  Wagnerite  Group  we  have  similarly  (RF)  or  (ROH). 

ZENOTIME. 

Tetragonal.  Axisc  =  0-6187,  zg'  (111  A  111)  =  55^30',  zz"  (111  A  TTl) 
—  82**  22'.    In  crystals  resembling  zircon  in  habit;  sometimes  compounded 

with  zircon  in  parallel  position  (Fig.  462,  p.  173).     In 
rolled  grains. 

Cleavage:  m  (110)  perfect.  Fracture  uneven  and 
splintery.  Brittle.  H.  =  4^5.  G.  =  4-45-4 -56. 
Luster  resinous  to  vitreous.  Color  yellowish  brown, 
reddish  brown,  hair-brown,  flesh-red,  grayish  white, 
wine-yellow,  pale  yellow;  streak  pale  brown,  yellow- 
ish or  reddish.  Opaque.  Optically  +  .  «  =  1  -72. 
6  =  1-81. 

Comp.  —  Essentially  yttrium  phosphate,  YPO4 
or  Y2O8.P2O6  =  Phosphorus  p)entoxide  38-6,  yttria 
61-4  =  100.  The  jrttrium  metals  may  include  erbiuni 
in  large  amount;  cerium  is  sometimes  present;  also  silicon  and  thorium  as  in 
monazite. 

Pvr.,  etc.  —  B.B.  infusible.  When  moistened  with  sulphuric  acid  colors  the  flame 
blui8aQ>een.    DiflScultly  soluble  in  salt  of  phosphorus.    Insoluble  in  adds. 

Din.  —  Resembles  zurcon  in  its  tetragoiud  form,  but  distinguished  by  inferior  hardness 
and  perfect  prismatic  cleavage. 

Obs.  —  Occurs  as  an  accessory  mineral  in  granite  veins;  sometimes  in  minute  embedded 
crystals  generally  distributed  in  ^anitic  and  gneissoid  rocks.  Found  at  Hittero;  at  Moss, 
Kragerd,  and  from  pegmatite  veins  at  other  points  in  Norway;  at  Ytterby,  Sweden;  the 
Fibia  Berg,  S.W.  from  St.  Gothard  and  the  Bmnental,  Switzerland.  An  accessory  constit- 
uent in  the  muscovite-granites  of  Brazil.  HvssaHte  was  a  xenotime  from  Brazil  errone- 
ously thought  to  contain  large  amounts  of  5^«. 

In  the  United  States,  in  the  gold  washings  of  Clarksville,  Ga.;  in  N.  C,  Burke  Co., 
Henderson  Co.,  Mitchell  Co.;  in  brilliant  crystals  in  Alexander  Co.  with  rutile,  etc.;  with 
tysonite  near  Pike's  Peak,  Col.;  rare  on  New  York  Island. 
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Monoclinic.    Axes  a  :  b 
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0-9693  :  1  :  09256;  /3 
974 


Crystals  commonly  small, 
often  flattened  ]|  a  (100)  or 
elongated  ||  axis  6;  some- 
times prismatic  by  extension 
of  V  (111);  also  large  and 
coarse.  In  masses  yielding 
angular  fragments;  in  rolled 
grains. 


Norwich,  Ct. 


Switzerland 


Cleavage:  c  (001)  sometimes  perfect  (parting?);  also,  o  (100)  distinct;  h 
(010)  difficult;  sometimes  showing  parting  ||  c  (001),  m  (110).  Fracture  con- 
ehoidal  to  uneven.  Brittle.  H.  =  5-5*5.  G.  =  4 -9-5 -3;  mostly  5*0  to  5-2. 
Luster  inclining  to  resinous.  Color  hyacinth-red,  clove-brown,  reddish  or 
yellowish  brown.  Subtransparent  to  subtranslucent.  Optically  +  .  Ax.  pi. 
±  h  (010)  and  nearly  ||  a  (100).  Bxa  A  c  axis  =+  1°  to  4^.  Dispersion 
p  <v  weak;  horizontal  weak.  2V  =  14"*.  a  =  1786.  /3  =  1788.  7  = 
1-837. 

Comp.  —  Phosphate  of  the  cerium  metals,  essentially  (Ce,La,Di)P04. 

Most  analyses  show  the  presence  of  ThOt  and  SiOa,  usually,  but  not  always,  in  the 
proper  amount  to  form  thorium  silicate;  that  this  is  mechanically  present  is  not  certain 
but  possible. 

Pyr.,  etc.  —  B.B.  infusible,  turns  ^ay,  and  when  moistened  with  sulphuric  acid  colors 
the  flame  bluish  green.  With  borax  gives  a  bead  yellow  while  hot  and  colorless  on  cooling; 
a  saturated  bead  becomes  enamel-white  on  flaming.  Difficultly  soluble  in  hydrochlonc 
acid. 

Obs.  —  Rather  abundantly  distributed  as  an  accessory  constituent  of  gneissoid  rocks  in 
certain  regions,  thus  in  North  Carolina  and  Brazil.  Occurs  near  Zlatoust  in  the  Umen 
Mts.,  Russia,  in  granite.  In  Norway,  near  Arendal,  and  at  Annerdd.  In  small  yellow  or 
brown  crystals  (tumerUe)  in  Dauphin^,  France,  and  Switzerland.  Found  also  in  the  gold 
washings  of  Antioquia.  Colombia;  in  the  diamond  gravels  of  Brazil.  In  crystals  from 
Trundle  near  Condobolin  and  Emmaville,  New  Soutn  Wales:  California  Creek,  Queens- 
land; Olary,  South  Australia.    In  Madagascar  at  various  localities. 

In  the  United  States,  formerly  found  with  the  sillimanite  of  Norwich,  and  at  Portland, 
Conn.;  also  at  Yorktown,  N.  Y.  In  large  coarse  cr3rstals  and  masses  in  albitic  granite  with 
microlite,  etc.,  at  Amelia  Court-House,  Va.  In  Alexander  Co.,  N.  C.^  in  s)3lendent  crystals; 
in  Mitchell,  Madison,  Burke,  and  McDowell  counties,  obtained  m  large  quantities  in 
rolled  grains  by  washiii^  the  gravels.    In  the  gold  sands  of  southern  Idaho. 

Monazite  is  named  from  /iom^eiy,  to  he  solitary,  in  allusion  to  its  rare  occurrence. 

Cryptolite  occurs  in  wine-yellow  prisms  and  grains  in  the  green  and  red  apatite  of  Aren- 
dal, Norway,  and  is  discovered  on  putting  the  apatite  in  dilute  nitric  acid.  It  is  probably 
monazite. 

Use.  —  Monazite  is  the  chief  source  of  thorium  oxide  which  is  used  in  the  manufacture 
of  incandescent  gaslight  mantles. 

Berzeliite.  RtAsaOgCR  =  Ca,Mg,Mn,Na«).  Isometric,  usually  massive.  G.  =  4-03. 
Color  bright  yellow.  From  L&ngban,  Sweden.  Pyrrharsenite  from  the  Sjd  mines,  Sweden, 
contains  also  antimony;  color  yellowish  red.  Caryinite,  associated  with  bcrzdiite,  is  re- 
lated, but  contains  lead;  massive  (monoclinic). 

Monimollte.  An  antimonate  of  lead,  iron,  and  sometimes  calcium;  in  part,  RaSbjOg. 
Usually  in  octahedrons;  massive,  incrusting.  G.  «  6*58.  Color  yellowish  or  brownish 
green.    From  the  Harstig  mine,  Pajsberg,  Sweden. 
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Carminite.  Perhaps  PbtA8iOg.lOFeA804.  In  dusters  of  fine  needles;  also  in  splK>- 
roidal  forms.  G.  «  4*105.  Color  carmine  to  tile-red.  From  the  Luise  mine  at  Hor- 
hausen,  Nassau,  Germany. 

Geor^iad^site.  Pbi(As04)2.3PbCls.  Orthorhombic.  In  small  crystals  with  hexago- 
nal outUne.  H.  =  3*5.  G.  »  7'1.  Resinous  luster.  Color  white,  brownish  3^eUow. 
Found  on  lead  slags  at  Laurium,  Greece. 

Puckerite.  Bismuth  vanadate,  BiVOi.  In  small  orthorhombic  crsrstals.  H.  ^  i. 
G.  =  6-249.  Color  reddish  brown.  Optically  -.  ^  =  2-50.  From  the  Pucher  Mine. 
Schneeberg,  Saxony;  San  Diego  Co.,  Cal. 

Annangite.  Mn3(AsOs)2.  Hexasonal-rhombohedral.  Prismatic  habit.  H.  =  4. 
G.  B  4*23.  Poor  basal  cleavage.  Color  black,  streak  brown.  Optically  — .  High 
refractive  index.    From  Langban,  Sweden. 


Triphylite  Group.     Orthorhombic 

d  I  h  I  c 

TriphyUte  Li(Fe,Mn)P04  04348  :  1  *:  05265 

LithiophiUtc  Li(Mn,Fe)P04 

NatrophiUte  NaMnP04 

Orthophosphates  of  an  alkali  metal,  lithium  or  sodium,  with  iron  and  man- 
ganese. 

TRIPHTLITE-LITHIOPHILITB. 

Orthorhombic.  Axes  a  :b  :  c  =  0-4348  :  1  :  0*5265.  Crystals  rare,  usu- 
ally coarse  and  faces  uneven.     Commonly  massive,  cleavable  to  compact. 

Cleavage:  c  (001)  perfect;  b  (010)  nearly  perfect;  m  (110)  interrupted. 
Fracture  uneven  to  subconchoidal.  H.  =  4-5-5.  G  =  3-42-3-56.  Luster 
vitreous  to  resinous.  Color  greenish  gray  to  bluish  in  triphyUte;  also  pale 
pink  to  yellow  and  clove-brown  in  Uthiophilite.  Streak  uncolored  to  grajTsh 
white.  Transparent  to  translucent.  Axial  angle  variable,  0**-90**.  Mean 
index,  1*68. 

Comp.  —  A  phosphate  of  iron,  manganese  and  lithium,  Li(Fe,Mn)P04, 
varying  from  the  bluish  gray  triphylite  with  little  manganese  to  the  salmon- 
pink  or  clove-brown  lithiophilite  with  but  little  iron. 

Typical  Triphylite  is  LiFeP04  =  Phosphorus  pentoxide  45*0,  iron  protoxide  45*5,  lithia 
9*5  »  100.  Typical  LUhiophilite  is  LiMnPOi  =  Phosphdrus  pentoxide  45*3,  manganese 
protoxide  45*1,  lithia  9*6  =  100.    Both  Fe  and  Mn  are  always  present. 

Pyr.y  etc.  —  In  the  closed  tube  sometimes  decrepitates,  turns  to  a  dark  color,  and  gives 
off  traces  of  water.  B.B.  fuses  at  r5,  coloring  the  flame  beautiful  lithia-red  in  streaks, 
with  a  pale  bluish  green  on  the  exterior  of  the  cone  of  flame.  With  the  fluxes  reacts  for 
iron  and  manganese;  the  iron  reaction  is  feeble  in  pure  lithiophilite.  Soluble  in  hydro- 
chloric add. 

Obs.  —  Triphylite  is  often  associated  with  spodumene;  occurs  at  Rabenstein,  near 
Zwiesel,  in  Bavaria;  Keityo,  Finland;  Norwich,  Mass.;  Peru,  Me.;  Grafton,  N.  H.  Named 
from  rpts,  threefMf  and  0vX^,  familyy  in  allusion  to  its  containing  three  phosphates. 

LUhiophilite  occurs  at  Branch  ville,  Fairfield  Co.,  Conn.,  in  a  vein  of  albitic  granite,  with 
spodumene,  manganese  phosphates,  etc. ;  also  at  Norway,  Me.,  in  crystals  from  Pala,  Cal. 
Named  from  lithium  ana  ^tXos,  friend, 

NatrophiUte.  NaMnPOi.  Near  triphylite  in  form.  Chieflv  massive,  cleavable. 
H.  =  4-6-6.    G.  «  3-41.    Color  deep  wine-yellow.    Occurs  sparingly  at  Branchville,  Conn. 


Graftonite.  (Fe,Mn,Ca)»Ps08.  Monoclinic.  H.  =5.  G.  »  37.  Color  when  fresh 
salmon-pink,  usually  dark  from  alteration.  Fusible.  Occurs  in  laminated  intergrowths 
with  triphyllite  in  a  pegmatite  from  Graiton,  N.  H. 
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Beryllonite.  A  phosphate  of  sodium  and  beryllium,  NaBePOi.  Crystals  short  pris- 
matic to  tabular,  orthorhombic.  H.  —  5'5-6.  G.  «=  2*846.  Luster  vitreous;  on  c  (001) 
pearly.  Colorless  to  white  or  pale  yellowish.  Optically  — .  ^  =  1*558.  From  Stone- 
ham,  Me. 


General  formula 
Apatite 

Psrromorphite 

Mimetite 

Vanadinite 


or 


Apatite  Group 

R«(F,C1)[(P,A8,V)04]8  =  (R(F,Cl))R4[(P,A8,V)04l,; 

(CaF)Ca4(P04)3 

(CaCl)Ca4(P04)8 

(PbCl)Pb4(P04)a 

(PbCl)Pb4(As04)3 

(PbCl)Pb4(V04)8 


Fluor-apatite 
Chlor-apatite 


c  =  0-7346 

0-7362 
0-7224 
0-7122 


In  addition  to  the  above  species,  there  are  also  certain  intermediate  compounds  contain- 
ing lead  and  calcium:  others  with  phosphorus  and  arsenic,  or  arsenic  and  vanadium,  as 
noted  beyond.  Furtner  the  rare  calcium  arsenate,  Svabite,  also  seems  to  belong  in  this 
group.  The  radicals  CaO,  Ca.OH,  may  possibly  replace  the  CaF  radical  in  apatite.  A 
probable  member  of  the  ^up,  vnlkeite,  contains  COs,  SiOi  and  SO4  in  addition  to  usual 
radicals.    FermoriU  contams  strontium. 

The  species  of  the  Apatite  Group  cr3rstalUze  in  the  hexagonal  system, 
but  all  show,  either  by  the  subordinate  faces,  or  in  etching-figures,  that  they 
belong  to  the  pyramidal  class  (p.  100).  They  are  chemically  phosphates, 
arsenates,  vanadates  of  calcium  or  lead  (also  manganese),  with  chlorine  or 
fluorine.  The  latter  element  is  probably  present  as  a  univalent  radical 
CaF  (or  CaCl),  etc.,  in  general  RF  (or  RCl),  replacing  one  hydrogen  atom  in 

I  n       n 

the  acid  R9(P04)8,  so  that  the  general  formiila  is  (RF)R4(P04)8,  and  similarly 
for  the  arsenates.  This  is.  a  more  correct  way  of  viewing  the  composition  than 
the  other  method  sometimes  adopted,  viz.,  3R8(P04)2.RF2,  etc. 

APATITE. 

Hexagonal-pyramidal.    Axis  c  =  0*7346. 
976  977 
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cr,  0001  A  IOI2  =  22**  69'. 
ex,  0001  A  lOll  =  40**  18'. 
cy,  0001  A  205l  =  69**  29'. 
rr',  IOI2  A  OII2  =  22**  31'. 


XX' ,  lOll  A  Ton  =  37°  44i'. 
««',  ll5l  A  Ml  =  48**  50'. 
m/x,  lOlO  A  2l3l  =  30**  20'. 
WW,  lOlO  A  ll5l  =  44**  17'. 


980 


Crystals  varying  from  long  prismatic  to  short  prismatic  and  tabular.  Also 
globular  and  reniform,  with  a  fibrous  or  imperfectly  columnar  structure; 
massive,  structure  granular  to  compact. 

Cleavage:   c  (0001)  imperfect;   m  (lOTO)  more  so.     Fracture  conchoidal 
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and  uneven.  Brittle.  H.  =  5,  sometimes  4*5  when  massive.  G.  =  3*17- 
3 '23  crystals.  Luster  vitreous,  inclining  to  subresinous.  Streak  white. 
Color  usually  sea-green,  bluish  green;  often  violet-blue;  sometimes  whik; 
occasionally  yellow,  gray,  red,  fl^-red  and  brown.  Transparent  to  opaque 
Optically  — .    Birefringence  low.     w  =  1-6461,  €  =  1*6417. 

Var.  —  1.  Ordinary,  Crystallized,  or  deavable  and  f^ranular  massive.  ColoriesE  tn 
green,  blue,  yellow,  flesh-red.  (a)  The  aspcaragus^Ume,  origmally  from  Miirda.  Spain,  b 
yellowish  green.  MaroxiUf  from  Arendal.  Norway,  is  in  greenish  blue  and  bluisn  crystak 
(6)  Lasurapatile  is  a  sW-blue  variety  with  lapis-lazuli  in  Siberia,  (c)  Francolite,  from  Wht^ 
Franco,  near  Tavistock,  Devonshire,  England,  occurs  in  small  crystalline  stalactitic  inas£4< 
and  in  minute  curving  crystals. 

Ordinary  apatite  is  flvar-^poHU,  containing  fluorine  often  with  only  a  trace  of  chlorisf . 
up  to  0*5  p.  c;  rarely  chlorine  preponderates,  and  sometimes  fluorine  is  entirely  absent. 

2.  Mamganapatite  contains  manganese  replacing  calcium  to  10*5  p.  c.  MnO;  color  dark 
bluish  green. 

3.  VcdckeriU  is  name  given  to  the  possible  isomorphous  molecule,  Ca4(CaO)  (P04)s  and 
hudroxyapaiiU  to  Ca4(Ca.OH)(P04)g. 

4.  Fwrous,  concretionary,  stalactilic.  Phosphorite  includes  the  fibrous  concretionan' 
and  partl^r  scaly  mineral  from  Estremadiva,  Spain,  and  dsewhere.  EupyrchroitCy  from 
Crown  Point,  N.  Y.,  belongs  here;  it  is  concentric  in  structure.  Staff  elite  occurs  incrust- 
ing  the  phosphorite  of  Stand,  Germany,  in  botryoidal,  reniform,  or  stalactitic  masses, 
fibrous  and  radiating.    See  p.  597. 

5.  Earthy  apatite;  OsteoliU,  Mostly  altered  apatite;  coproliies  are  impure  calcium 
phosphate. 

Comp.  —  For  Fhtor-apatite  (CaF)Ca4(P04)8;  and  for  Chlor-apatite 
(CaCl)Ca4(P04)3;  also  written  SCa^PjOg.CaFj  and  SCa^PjOg.CaCU.  There 
are  also  intermediate  compounds  containing  both  fluorine  and  chlorine.  The 
percentage  composition  for  these  normal  varieties  is  as  foUows: 

Fluor-apatUe  P/),42-3  Ca0  55'6  F  38  =»  101*6  or CaJP,0, 92*25  CaF,  7-75  =  100 
Chtor^paiUe    PaO»410    Ca0  53'8    CI 68  =  101-6    or CaiPiOg 894      CaQj    10-6-100 

Fluor-apatite  is  much  more  conmion  than  the  other  variety;  here  belongs  the  apatite  of 
the  Alps,  Spain,  St.  Lawrence  Ck>.,  N.  Y.,  Canada.  Apatites  in  which  cmorine  is  promi- 
nent are  rare;  this  is  true  of  some  Norwegian  kinds. 

Pjrr.,  etc.  —  B.B.  in  the  forceps  fuses  with  difficulty  on  the  edges  (F.  =  4-5-5).  colorins^ 
the  dame  reddish  yellow;  moistened  with  siilphuric  acid  and  heated  colors  the  dame  pale 
bluish  ^een  (phosphoric  acid).  Dissolves  in  hydrochloric  and  nitric  acids.  3rielding  with 
sulphunc  acid  a  copious  precipitate  of  calcium  sxuphate;  the  dilute  nitric  acia  solution  gives 
sometimes  a  precipitate  of  silver  chloride  on  addition  of  silver  nitrate.  Most  varieties  will 
give  a  shght  test  lor  fluorine,  when  heat  ed  with  potassium  bisulphate  in  a  closed  tube. 

Diff.  ^  Characterized  by  the  common  hexagonal  form,  but  softer  than  beryl,  being 
scratched  by  a  knife;  does  not  effervesce  in  acid  (like  calcite);  difficultly  fusible;  yields  a 
green  flame  B.B.  after  being  moistened  with  sulphuric  acid. 

Micro.  —  Recognized  in  tliin  sections  by  its  moderately  high  relief;  extremely  low  bire- 
fringence (hence  not  often  showing  a  disti  net  axial  figure  in  basal  sections),  the  interference 
colors  in  ordinary  sections  scarcely  rising  above  gray  of  the  first  order;  paraUel  extinction 
and  negative  extension;  columnar  form;  lack  of  color  and  cleavage;  and  by  the  rude  cross 
parting  seen  as  occasional  cracks  crossing  the  prism. 

Arfif .  —  Apatite  ma}'  be  prepared  artificially  by  fusing  sodium  phosphate  with  calcium 
fluoride  or  calcium  chloride. 

Obs.  —  Apatite  occurs  in  rocks  of  various  kinds  and  ages,  but  is  most  common  in  meta- 
morphic  cr3rstalline  rocks,  especially  in  granular  limestone  and  in  many  metalliferous 
veins,  particularly  those  of  tin,  in  gneiss,  syenite,  homblendic  gneiss,  mica  schist,  beds  of 
iron  ore;  occasionally  in  serpentine.  In  the  form  of  minute  microscopic  crystals  it  has  an 
almost  universal  distribution  as  an  accessory  rock-forming  mineral.  It  is  found  in  all  kinds 
of  igneous  rocks  and  is  one  of  the  earliest  products  of  cr^^stallization.  In  larger  cr3rstals  it  is 
especially  characteristic  of  the  pegmatite  facies  of  igneous  rocks,  particularly  the  granites, 
and  occurs  there  associated  with  quartz,  feldspar,  tourmaline,  muscovite,  beiyl,  etc.  It  is 
sometimes  present  in  ordinary  stratified  limestone,  beds  of  sandstone  or  shale  of  the  Silurian, 
Carboniferous,  Jurassic,  Cretaceous,  or  Tertiary.  It  has  been  observed  as  the  petrifying 
material  of  wood. 
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Amoi^  ita  localities  are  Ehrenfriedersdorf  in  Saxoayi  Schwarzenatein,  the  Knappen- 
vvand  in  UntcrsulzbAchtal  and  ZillertaJ  in  the  Tyrol,  Austria*  St.  Gotbard.  Tavetsch,  etc., 
in  Switserland;  Mujssa-Alpin  Fiedmont,  Italy,  wbit«orcotorlesB;  Zinnwald  and  Schlacken- 
'wald  in  Bohemia;  at  GelEvare,  Sweden;  in  England,  in  Cornwall,  with  tin  oree;  in  Cum- 
l>erland,  at  Cairock  Fella;  in  Devonahire,  cream-colored  at  Bovey  Tracey,  and  at  Wheal 
Franco  (JranaAiU).  The  aeparoffM-BUme  or  spargdstein  of  Jumilla,  in  Murcia,  Spain,  ia 
pale  yellowish  green  in  color.  Larse  quantities  of  apatite  are  mined  m  Norway  at  Krogerii; 
aiao  at  Odegaard,  near  Bamle,  and  elaewhere. 

In  Me.,  on  Long  laland,  Blue-hiii  Bay;  in  fine  purple  crystals  of  gem-quality  from 
Auburn.  In  N.  H..  Westmoreland.  In  Masa.,  at  Norwich;  at  Bolton  abundant.  In 
Oonn.,  at  Branch ville  {manganapatiie),  also  greenish  white  and  colorless;  at  Haddam 
Neck.  In  N.  Y^  common  in  St.  lAwrence  Co.,  in  granular  limestone,  also  Jeffereon  Co. ; 
Sandford  mine,  East  Moriah,  Essex  Co.,  in  magnetite;  near  Edenville,  Orange  Co. :  at  Tilly 
Foster  iron  mine.  In  Pa.,  at  Ldperville,  Delaware  Co.;  in  Chester  Co.  In  N.  C,  at 
Stony  Point,  Alexander  Co.,  etc.     In  lavender-colored  crystals  from  Meaa  Grande,  Cai. 

In  extensive  beds  in  the  Laurentian  gneiss  of  Canada,  usually  associated  with  limestone, 
and  accompanied  by  pyroxene,  amphibole,  titanite,  zircon,  garnet,  veeuvianil^  and  many 


other  species.  Prominent  mines  are  in  Ottawa  County,  Quebec,  in  the  townships  of  Buck- 
ingham, Templeton,  Portland,  Hull,  and  Wakefield.  Also  in  Renfrew  county,  Ontario, 
and  in  Lanark,  Leeds,  and  Frontenac  counties. 

Apatite  was  named  by  Werner  from  duaTmir,  to  deceiix,  older  mineralogiBts  having 
reierred  it  to  aquamarine,  chrysohte,  amethyst,  miorite,  tourmaline,  etc. 

Besides  the  definite  mineral  phosphates,  including  normal  apatite,  phosphorite,  etc., 
there  are  also  extensive  depifflita  of  amorphous  phosphates,  consisting  larKely  of  "bone 
phosphate"  (CaiPiOg),  of  great  economic  importance,  though  not  having  a  definite  chemi- 
cal composition. and  hence  not  strictly  belonging  to  pure  mineralogy.  Here  belong  t^e 
phoephatic  nodules,  coprohtes,  bone  beds,  guano,  etc.  Extensive  pboephatic  deposits  also 
occur  in  North  Carolina,  Alabama,  Florida,  Tennessee,  and  in  the  western  states,  Idaho, 
Utah,  and  Wyoming.  Guano  is  bone  phosphate  of  lime,  mixed  with  the  hydrous  phoe- 
phates,  and  generally  with  some  calcium  carbonate,  and  often  a  little  magnesia,  alumina, 
iron,  silica,  gypeum,  and  other  impurities. 

Use.  —  Apatite  and  phosphate  rock  are  used  chiefly  as  sources  of  mineral  fertilizers. 
Some  clear  finely  colored  varieties  of  apatite  may  be  used  as  gran  stones.  The  minwal  is 
too  soft,  however,  to  permit  of  extensive  use  for  thia  purpose. 

SrArPBUTE.  A  carbonated  calcium  phosphate.  Occurs  incruating  the  phosphorite  of 
Staifel,  Germany,  in  botryoidal  or  stalactitic  masses,  fibrous  and  radiating;  it  is  the  result 
of  the  action  of  carbonated  watera.  H.  —  4.  G.  —  3'128.  Color  leek-  to  dark  green, 
greenish  yellow.    DahUite,  from  Bamle,  Norway,  is  similar. 

Fennorito.  A  member  of  the  Apatite  Group.  (Ca,Sr),(Ca(OH,F)|l(P,As)0,|,. 
H.  -  5.  G.  -  3'52.  Color  pale  pinkish  white  to  white.  Uniaxial,  -  ,  Index  =  1-66. 
Found  with  manganese  ores  at  Sitapar,  Chhindwara  District,  Central  provinces,  India. 

WillMrite.  3Ca,{PO,).,CaCO,,3Ca.[{SiOj)(SO,)l,CaO.  Probably  a  member  of  ApaliU 
Group.  Hexafconal,  H,  —  5,  G,  =  323.  Color  pale  rose-red,  yellow.  Optically  — . 
Index,  1-M,  Fusible  at  55,  Dissolves  in  acids  with  separation  of  silica.  In  crystalline 
limestone  at  Crestmore,  Riverside  Co.,  Cal. 


FntOHORPHITE.    Green  Lead  Ore. 

Hexagonal-pyramidal.     Axis  c  =  0'7362. 

Crystals  prismatic,  often  in  rounded  barrel-shaped  fo^ms; 
also  in  branching  groups  of  prismatic  crystals  in  nearly  parallel 
position,  tapering  down  to  a  slender  point.  Often  globular, 
renifonn,  and  botryoidal  or  in  wart-like  shapes,  with  usually 
a  subcolumnar  structure;  also  fibrous,  and  granular. 

Cleavage:  m  (lOTO),  x  (1011)  in  traces.  Fracture  subcon- 
choidal,  uneven.  Brittle.  H.  =  35-4.  G.  =  65-7'l  mostly, 
when  pure;  5-9-6o,  when  containing  lime.  Luster  resinous. 
Color  green,  yellow,  and  brown,  of  different  shades; 
sometimes  wax-yellow  and  fine  orange-yeltow;  also  grayish 
white  to  milk-white.  Streak  white,  sometimes  yellowish. 
Subtransparent   to   subtranslucent.     Optically  — .     w  =  2-050. 
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Var. —  1.  Ordinary,  (a)  In  crystals  as  described;  sometimes  yellow  and  in  roundei 
fonns  resembling  campylite  {pseudoHximpylUe).     (6)  In  acicular  and  nu>894ike  aggreeitioDs, 

ie)  Concretionary  groups  or  masses  of  cr3rstals,  having  the  surface  angular,     ^a)  Wibroiu^ 
e)  Grantdar  massive.     (/)  Earthy;  incrusting. 

2.  Polyspharite,  Containing  lime:  color  brown  of  different  shades,  yeUowi^  gray, 
pale  yellow  to  nearly  white;  streak  white;  G.  «  5*89-6*44.  Rarely  in  separate  crystak: 
usually  in  groups,  globular,  mammillary.  Miesite,  from  Mies  in  Bohemia,  is  a  brown 
variety.  Nussierite  is  similar  and  impure,  from  Nussi^,  near  Beaujeu,  Prance;  color 
yellow,  greenish  or  grayish;  G.  «  5*042.  3.  Chromiferous;  color  brilliant  red  and  orange. 
4.  Arseniferovs;  color  green  to  white;  G.  =  5*5-6'6.  5.  Psevdomorphotts;  (a)  after 
galena;  (6)  cerussite. 

Comp.  —  (PbCl)Pb4(P04)s  or  also  written  3PbsP,08.PbCl,  =  Phosphorus 
pentoxide  15*7,  lead  protoxide  82*2,  chlorine  2*6  =  100*5,  or  Lead  phosphate 
89-7,  lead  chloride  10-3  =  100. 

The  phosi)horus  is  often  replaced  by  arsenic,  and  as  the  amount  increases  the  species 
passes  into  mimetite.    Calcium  also  replaces  the  lead  to  a  considerable  extent. 

Pyr.y  etc.  —  In  the  closed  tube  gives  a  white  sublimate  of  lead  chloride.  B.B.  in  the 
forceps  fuses  easUy  (F.  «  1*5),  coloring  the  flame  bluish  green;  on  charcoal  fuses  without 
reduction  to  a  globule,  which  on  cooling  assumes  a  crystalline  polyhedral  form^  while  the 
coal  is  coated  white  from  lead  chloride  and,  nearer  the  assay,  yellow  from  lead  oxide.  \\  itfa 
soda  on  charcoal  3rields  metallic  lead;  some  varieties  contam  arsenic,  and  give  the  odor  o( 
garlic  in  R.F.  on  charcoal.    Soluble  in  nitric  acid. 

Diff.  —  Distinguished  by  its  hexagonal  form;  high  specific  gravity;  resinous  luster; 
blowpipe  characters. 

Obs.  —  Pyromoiphite  occurs  |)rincipaUy  in  veins,  and  accompanies  other  ores  of  lead. 
At  Poullaouen  and  Huelgoet  in  Brittany,  france;  at  Zschopau  and  other  places  in  Saxony, 
Germany;  at  Pribram,  Bleistadt,  in  Bohemia;  in  fine  crystals  at  Ems,  Braubach,  in  Nassau, 
Germany;  also  at  Dernbach  in  Nassau;  in  Siberia  at  Beresov  and  in  the  Nerchinsk  mining 
district;  m  England,  in  Cornwall,  green  and  brown;  Devon,  gray:  Derbyshire,  green  and 
yellow;  Cumberland,  golden  yellow:  in  Scotland,  Leadhill,  red  ana  orange.  F^m  Broken 
Hill  and  elsewhere,  New  South  Wales. 

In  the  United  States,  has  been  found  very  fine  at  PhenixviUe,  Pa. ;  also  in  Me.,  at  Lubec 
and  Lenox;  in  N.  Y..  a  mile  south  of  Sing  Sing:  in  Davidson  Co.,  N.  C,  also  in  Cabarrus 
and  Caldwell  Cos.]  from  Mullan,  Burke,  Waraner  and  Mace,  Idaho. 

Named  from  irvp,  fire,  itop^nt,  form,  alluding  to  the  crystalline  form  the  globule  assumes 
on  cooling.    This  species  passes  into  mimetite. 

Use.  —  A  minor  ore  of  lead. 

MIMETITB. 

Hexagonal-pyramidal.    Axis  c  ^  07224. 

Habit  of  crystals  like  pyromorphite;  sometimes  rounded  to  globular  forms. 
Also  in  mammillary  crusts. 

Cleavage:  x  (lOll)  imperfect.  Fracture  uneven.  Brittle.  H.  =  3*5. 
G.  =  7'0-7-25.  Luster  resinous.  Color  pale  yellow,  passing  into  brown; 
orange-yellow;  white  or  colorless.  Streak  white  or  nearly  so.  Subtrans- 
parent  to  translucent.     Optically  — .     co  =  2-135.     €  =  21 18. 

Var.  —  1.  Ordinary,  (a)  /n  cn/8/a2s,  usually  in  rounded  aggregates.  (6)  CapiUary  or 
filamentous,  especially  marked  in  a  variety  from  St.  Prix-sous-Beuvray,  France;  somew^hai 
like  asbestus,  and  straw-yellow  in  color,     (c)  Concretionary. 

Campylite,  from  Drygill  in  Cumberland,  England,  has  G.  =7-218,  and  is  in  barrel- 
shaped  cr3rstaJs  (whence  tne  name,  from  «ca/iTvXot,  curved),  yellowish  to  brown  and  brown- 
ish red;  contains  3  p.  c.  PsOs. 

Comp.  —  (PbCl)Pb4(As04)8;  also  written  SPbaAsjOs-PbCl,  =  Arsenic 
pentoxide  23*2,  lead  protoxide  74-9,  chlorine  2*4  =  100-5,  or  Lead  arsenate 
90-7,  lead  chloride  9  3  =  100. 

Phosphorus  replaces  the  arsenic  in  part,  and  calcium  the  lead.  Endlichite 
(p.  599)  is  intermediate  between  mimetite  and  vanadinite. 
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Pyr,  ete,  —  In  the  clooed  tube  like  pyromorphite.  B.B,  fuaes  st  1,  uid  on  charcoal 
Kives  in  R.F.  an  arsenical  odor,  and  is  easily  reduced  to  metallic  lead  coating  the  coal  at 
lir^t  with  lead  chloride,  and  later  with  aisenic  trioxide  and  lead  oxide.    Soluble  in  nitric 

Obs.  -  -  - 


erland;  m  fYance  near  I'ontgibaud,  Puv-de-DoDie:  in  Germany  at 
t,  in  fine  yellow  cryntak,  at  Zinnwald;  at  Nerchinsk,  Siberia;  L&ngban, 
a  Eulalia,  Chihuahua,  Mexico;  at  the  Brookdale  mine,  Phenixville,  Pa.; 


Johanngeorgenstadt,  i: 
Sweden;  from  Santa  E 
Eureka,  Utah. 

Named  from  luinriv,  imiialor,  it  cloaely  resembling  pyromorphit«. 

Use.  ^  A  aiinor  ore  of  lead. 

VANADUnTE. 

Hexagonal-pyramidal.    Axis  c  =-  0-7122. 

Crystals  prismatic,  with  smooth  faces  and  sharp  edges;  sometimes  cavern- 
ous, the  crystals  hollow  prisms;  also  in  rounded  fonns  and  in  p^allel  group- 
ings like  pyromorphite.     In  implanted  globules  or  incrustations. 

Fracture  uneven,  or  flat  conchoidal. 
Brittle.  H.  =  275-3.  G.  "=  6-66- 
710.     Luster  of  surface   of    fracture 


«es 


ifeitz&i 


brownish  yellow,  straw-yellow,  reddish 
brown.  Streak  white  or  yellowish. 
Subtranslucent  to  opaque.  Opti- 
cally -.     u  =  2-354.     <  =  2-299. 

Comp.  —  (PbCl)Pb,(V04),,  also 
written  3Pb,V,0,.PbCli  =  Vanadium 
pentoxide  19-4,  lead  protoxide  787, 
chlorine 2-5  =  1006,  or  Lead  vanadate 
90-2,  lead  chloride  98  =  100. 

Phosphorus  is  sparingly  present,  also  sometimes  arsenic,  both'  replacii^ 
vanadium.     In  endlickite  the  ratio  of  V  :  As  =  1  :  1  nearly. 

Pyr.,  etc.  —  In  the  closed  tube  decrepitates  and  yields  a  faint  white  Bublimate.  B.B. 
fuses  easilyj  and  on  charcoal  to  a  black  lustrous  mass,  which  in  R.F.  yields  metallic  lead 
.ind  a  coatmg  of  lead  chloride;  after  completely  oxidising  the  lead  in  O.F.  the  black  residue 
gives  with  salt  of  phosphorus  an  emerald-green  bead  in  R.F.,  which  becomes  light  yellow 
in  O.F.     Decomposed  by  hydrochloric  acid. 

Obs.  —  First  discovered  at  Zimapan  in  Mexico.     Later  obtained  at  Wanlockhead  in 
Dumfriesshire,  Scotland;  also  at  Bereiov  in  tiie  Ural  Mts.,  with  pyromorphite;  and  near  - 
Kappel  in  Carinthia,  in  crystals;  at  Undenfts,  Bolet,  Sweden.    In  the  Sierra  de  C6rdoba, 
Argentine  Republic. 

In  the  United  States,  sparinKly  near  Sing  8in^.  N.  Y.  Abundant  in  the  mining  regions 
of  Arizona  and  New  Mexico,  often  associated  with  wulfenite  and  descloizite;  in  Arii.,  at 
the  mines  in  Yuma  Co.,  in  brilUant  deep  red  crystals;  Vulture,  Phcenix,  etc.,  in  Maricopa 
Co,;  the  Mammoth  gold  mine,  near  Oracle,  Pinal  Co.;  from  Yavapai  Co.  In  N.  M.  at 
Lake  Valley,  Sierra  Co.  (eruUuAtfe);  and  the  Mimbres  mines  near  Georgetown;  Hillsboro; 
Magdalena. 

Use.  —  A  source  of  vanadium  and  a  minor  ore  of  lead. 

Hedtphane.  From  L&ngbau.  Sweden;  has  ordinarilv  been  included  as  a  calcimn 
variety  of  mimetite.  Massive,  cleavable.  Color  ycdlowisn  white.  From  Harstig  mine, 
I'ajsbcrg,  Sweden. 

Svabite.  A  calcium  arsenate,  relal«d  to  the  species  of  the  Apatite  Group.  Crystals 
liexagonal  prisms;  colorless;  e  ^  0'7143.  H.  —  6.  G.  —  3'62.  From  the  Harstig  mine, 
PajsBerg,  and  near  Nordmark,  Sweden. 
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Wagtterite  Group,     Monoclinic 

a  :b  :  c  fi 

Wagnerite    (MgF)MgP04  1-9145  : 1  :  1-5059;  71°    53 

TripUte         (RF)RP04,  R  =  Fe  :  Mn  =  2  : 1,  1  : 1,  etc. 
Triploidite    (R0H)RP04,  R  =  Mn  :  Fe  =  3  : 1  1'8572  : 1  :  14925;  7V    4h' 
AdeUte  (MgOH)CaAs04  21978 : 1  :  15642;  73°    15 

Tilasite         (MgF)CaAs04 
Sarkinite      (MnOH)MnA804  20017  : 1  : 1  5154;  62°  13§' 

Phosphates  (and  arsenates)  of  magnesium  (calcium),  iron  and  mangane^ 
containing  fluorine  (also  hydroxyl).    Formula  R2FPO4  or  (RF)RP04,  etc. 

WAGNERTTB. 

Monoclinic.  Axes,  see  above.  Crystals  sometimes  large  and  coarse.  Also 
massive. 

Cleavage:  a  (100),  m  (110)  imperfect;  c  (001)  in  traces.  Fracture  uneven 
and  splintery.  Brittle.  H.  =  5-5'5.  G.  =  3'67-3'14.  Luster  vitreous. 
Streak  white.  Color  yellow,  of  different  shades;  often  grayish,  also  flesh-red, 
greenish.  Translucent.  Optically  +.  2V  =  26°  (approx.).  a  =  1*569. 
fi  =  1-570.    7  =  1'582. 

Comp.  —  A  fluo-phosphate  of  magnesium,  (MgF)MgP04  or  MgiPjO*. 
MgF2  —  Phosphorus  pentoxide  43"8,  magnesia  493,  fluorine  11 '8  =  104 "9, 
deduct  (O  =  2F)  4*9  =  100.    A  little  calcium  replaces  part  of  the  magnesium. 

Pyr.|  etc.  —  B.B.  in  the  forceps  fuses  at  4  to  a  greenish  gray  glass;  moistened  with 
sulphunc  acid  colors  the  flame  bluish  green.  With  borax  reacts  for  iron.  On  fusion  with 
sooa  effervesces,  but  is  not  completely  dissolved;  ^ves  a  faint  manganese  reaction.  Re- 
acts for  fluorine.  Soluble  in  nitric  and  hydrochloric  acids.  With  sulphuric  acid  evolves 
fumes  of  hydrofluoric  acid. 

Obs.  —  WagnerUe  (in  small  highly  modified  crystals)  occurs  in  the  valley  of  HoUct- 
graben,  near  Werfen,  in  Salzburg,  Austria.  Kjerulfine  (massive,  cleavable;  also  in  ooane 
crystals)  is  from  Kjorrestad,  near  Bamle,  Norway. 

Spodiosite.  A  calcium  fluo-phosphate,  perhaps  (CaF)CaP04.  In  flattened  prismatic 
orthorhombic  crystate.  G.  «  2*94.  Color  ash-gray.  From  the  Krangrufva,  Wermland, 
and  Nordmark,  Sweden. 

TRZPLITB. 

MonocUnic.  Massive,  imperfectly  crystalline.  Cleavage:  unequal  in 
two  directions  perpendicular  to  each  other,  one  much  the  more  distinct.  Frac- 
ture small  conchoidal.  H.  —  4r-5-5.  G.  =  3*44-3'8.  Luster  resinous,  inclin- 
ing to  adamantine.  Color  brown  or  blackish  brown.  Streak  yellowish  gray 
or  brown.  Subtranslucent  to  opaque.  Optically  +.  Mean  index  from  1  6^ 
1-68. 

.  Comp.  —  (RF)RP04  or  R^PjOg.RFj  with  R  =  Fe  and  Mn,  also  Ca  and 
Mg.  The  ratio  varies  widely  from  Fe  :  Mn  =  1  :  1  to  2  :  1  (zwieselite) ; 
1  :  2;  1  :  7. 

TalktriplUe  is  a  variety  from  Horrsjdberg,  Sweden;  contains  magnesium  and  calcium 
in  large  amount. 

Pyr.,  etc.  —  B.B.  fuses  easily  at  1'5  to  a  black  magnetic  dobule;  moistened  with 
sulphunc  acid  colors  the  flame  bluish  green.  With  borax  in  O.F.  gives  an  amethj'^ine- 
oolored  glass  (manganese) ;  in  R.F.  a  strong  reaction  for  iron.  With  soda  reacts  for  man- 
ganese.   With  sulphuric  acid  evolves  hydrofluoric  acid.    Soluble  in  hydrochloric  acid. 

Obs.  —  Found  by  Alluaud  at  Limoges  in  France;  Helsingfors,  Finland;  Stoneham, 
Me.;  Branchville,  Conn. ;  from  Reagan  mining  district.  White  Pine  Co.,  Nev.  Zwieselite^ 
a  clove-brown  variety,  is  from  Rabonstein,  near  Zwiesel  in  Bavaria. 

Griphite.  a  problematical  phosphate  related  to  triplite  occurring  in  embedded  reni- 
form  masses.    From  the  Riverton  lode  near  Harney  City,  Pennington  Co.,  S.  D. 
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II 
Phosphoferrtte.    H«R«(P04)s:  R  =  Fe,  Mn,Ca,  M^.    Columnar.    White  to  yellower 
pale  green.    H.  »  4-5.    G.  =  3*16.    Habendorf,  Bavaria. 

Triploidite.  Like  triplite,  but  with  the  F  replaced  by  (OH).  Monoclinic.  Conunonlv 
in  crvstaUine  aggregates.  Fibrous  to  columnar.  H.  «=  4*5-5.  G.  =  3*697.  Color  yel- 
lowish to  reddish  brown.  Optically  -f- .  fi  -  1*726.  From  Branchville,  Fairfield  Co., 
Conn. 

Adelite.  (MgOH)CaAs04.  Monoclinic.  Axes,  see  p.  600;  also  massive.  H.  =  5. 
G.  «  3*74.  Color  gray  or  grayish  yellow.  Optically -f.  Mean  index,  1*67.  From  Nord- 
mark  and  Langban,  Sweden. 

Tilasite.  Like  adelite,  but  contains  fluorine.  Monoclinic.  Optically  — .  j8  «  1*660. 
From  L&ngban,  Sweden,  and  Kajlidongri,  Jhabua,  India. 

Sarkinite.  (MnOH)MnAs04.  In  monoclinic  crystals;  also  in  spherical  forms. 
G.  =  4*17.  Color  rose-red,  flesh-red,  reddish  vellow.  From  the  iron-manganese  mines 
of  Pajsberg,  Sweden.  PolyarseniU  and  Xanmarsenite  from  the  Sjo  mine,  Grythytte 
parish,  Orebro,  Sweden,  and  Ckondrasenite  from  Pajsberg,  Sweden,  are  essentiiuly  Uiie 
same. 

Trigonite.  Pb3MnH(As08)3-  Monoclinic-clinohedral.  In  small  wedge-shaped  crystals. 
H.  =  2-3.  Perfect  cleavage  1 1  (010).  Color  sulphur-yellow,  a  =  208.  7  =  216.  Ax.  pi. 
II  (010).    From  Langban,  Sweden. 

Herderite.  A  fluo-phosi>hate  of  beryllium  and  calcium,  Ca[Be(F,0H)]P04.  In  pris- 
matic crystals,  monoclinic  with  complex  twinning.  H.  «  5.  G.  »  2*99-3*01.  Luster 
vitreous.  Color  jrellowish  and  greenish  white.  Optically  — .  /3  «  1*612.  From  the  tin 
mines  of  Ehrenfriedersdorf,  Saxony;  from  Epprechtstem,  Bavaria;  also  at  Stoneham, 
Auburn,  Hebron,  and  Paris,  Me. 

Hamlinite.  A  basic  phosphate  of  aluminium,  and  strontium.  In  colorless  rhombo- 
hedral  crystals.  H.  «  4*6.  G.  ==  3  16-3*28.  Optically +.  w  =  1*620.  Occurs  with 
herderite,  bcrtrandite,  etc.,  at  Stoneham,  Me.  In  the  diamond  sands  of  Diamantina. 
Brazil.  Found  also  in  Biimental,  Switzerland  (originally  thought  to  be  a  new  species  ana 
named  horvmannite) . 

Plumbogununite.  A  basic  phosphate  of  lead  and  aluminium.  In  chemical  ^up  with 
hamlinite.  Resembles  drops  or  coatmgs  of  gum;  as  incrustations.  Color  yellowish,  brown- 
ish. From  Roughten  Gill,  Cumberland,  England.  Hitchcockite  from  Canton  mine,  Ga.,  is 
closely  identical.    The  material  from  Huelgoet,  Brittany,  France,  is  a  mixture. 

Florencite.  A  basic  phosphate  of  aluminium  and  the  cerium  metals,  closely  analogous 
to  hamlinite  to  which  it  is  related  in  form.  3AlsOs.CeaO8.2P2O6.6H2O.  Hexagonal,  rhom- 
bohedral.  Habit  rhombohedral.  Basal  cleavage.  H.  »  5.  G.  »  3*58.  Color  pale 
yellow.  Infusible.  Found  in  sands  from  near  Ouro  Preto  and  Diamantina,  Minas 
Geraes,  BrazQ. 

Georceixite.  A  basic  phosphate  of  aluminium  and  barium  (with  smaller  amounts  of 
calcium  and  cerium).  BaO.2Al2O1.PfOt.5HsO.  Microcrystalline,  in  rolled  pebbles.  H.  »  6. 
G.  =  31.  Color  brown  and  white.  Refractive  index,  1*63.  From  the  diamond  sands  of 
Minas  Geraes,  Brazil.     GeraesUe  is  similar  but  more  acidic  in  composition. 

Crandallite.  2CaO.4AliOi.2p2O5.10HsO.  In  compact  to  cleavable  masses.  Micro- 
scopically fibrous.  Color  white  to  light  gray.  Indices,  1*58-1*60.  Found  at  Brooklyn 
mine  near  Silver  City,  Utah. 

Harttite.  A  basic  phosphate  and  sulphate  of  aluminium  and  strontium,  (Sr,Ca)0. 
2AlsOs.PsOt.SOi.5HaO.  Hexagonal.  Usually  microcrystalline  as  rolled  pebbles. 
H.  —  4*5-5.  G.  =  3*2.  Color  flesh-red.  From  the  diamond  sands  of  Minas  Geraes, 
Brazil. 

Jezekite.  A  fluo-pho^hate  of  lime,  soda,  and  alumina,  Na4CaAl(A10)(F,OH)4(P04)s. 
Monoclinic.  H.  =  4*5.  G.  =  2*94.  Cleavage  perfect  (100);  imperfect  (001).  Indices, 
1-55-1 '59.    Colorless  or  white.     From  Ehrenfriedersdorf,  Saxony. 

Lacroixite.  A  fluo-phosphate  of  soda,  lime,  manganese  oxide,  and  alumina. 
Na4(Ca,Mn)4Al«(F,OH)4P80i«.2H20.  Probably  monoclinic.  Pyramidal  cleavage. 
H.  =  4*1.  G.  =  3*13.  Color  pale  yellow  or  green.  Found  at  Ehrenfriedersdorf, 
Saxony. 

Durangite.  A  fluo-arsenate  of  sodium  and  aluminium,  Na(AlF)As04.  In  monoclinic 
crystals.  G.  =  3 '94^-4*07.  Color  orange-red.  Mean  index,  1*673.  From  Durango, 
Mexico. 
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AMBLYGONTTE.    Hebionite. 

Triclinic.  Crystals  large  and  coarse;  forms  rarely  distinct.  Usually 
cleavable  to  columnar  and  compact  massive.  Poljrsynthetic  twinning  lameik- 
conmion. 

Cleavage:  c  (001)  perfect,  with  pearly  luster;  a_(100)  somewhat  less  5?o. 
vitreous;  e  (021)  sometimes  equally  distinct;  M  (lIO)  difficult;  ca  (001)  A 
(100)  =  75^  30',  ce  (001)  A  ((fil)  =  74**  46',  cM  (001)  A  (lIO)  =  92°  20^. 
Fracture  uneven  to  subconchoidal.  Brittle.  H.  =  6.  G.  =  3*01-3*09. 
Luster  vitreous  to  greasy,  on  c  (001)  pearly.  Color  white  to  pale  greenish, 
bluish,  yeUowish,  grayish  or  brownish  white.  Streak  white.  Subtran.«=- 
parent  to  translucent.    Optically  — .    a  =  1*579.    /5  =  1'593.    y  =    1*597. 

Comp.  —  A  fluo-phosphate  of  aluminium  and  lithium,  Li(AlF)P04  or 
AlP04.LiF  =  Phosphorus  pentoxide  47-9,  alumina  34-4,  lithia  lO-J,  fluorine 
12-9  =  105-3,  deduct  (O  =  2F)  53  =  100.  Sodium  often  replaces  part  of  the 
lithium,  and  hydroxyl  part  of  the  fluorine. 

Pvr.9  etc.  —  In  the  doeed  tube  yields  water,  which  at  9  high  heat  is  acid  and  coirodes 
the  c^aas.  B.B.  fuses  easily  (at  2)  with  intumescence,  and  becomes  opaque  white  on  cool- 
ing. Colons  the  flame  yellowish  red  with  traces  of  green:  the  Hebron  variety  gives  an  in- 
tense lithiarred:  moistened  with  sulphuric  acid  gives  a  bltiish  green  to  the  flame.  With 
borax  and  salt  of  phosphorus  forms  a  transparent  colorless  glass.  In  fine  powder  dissolves 
easily  in  stdphuric  acia,  more  slowly  in  hvarochloric  add. 

Diff.  —  Distinguished  bv  its  easy  fusioility  and  by  yielding  a  red  flame  B.B.,  from  feld- 
spar, barite,  caldte,  etc.;  also  by  the  acid  water  in  the  tube  from  spodumene. 

Obs.  —  Occurs  near  Penig  in  Saxony;  Arendal,  Norway;  Montebras,  Creuse,  France. 
In  the  United  States,  in  Me.,  at  Hebron;  also  at  Paris,  Peru,  etc.;  Branchville,  Conn^ 
Pala,  San  Diego  Co.,  Cal. 

The  name  amblygonile  is  from  ce/i^Xis,  Hunt,  and  to^v,  angle. 

Fremontite.  Natramblygonite.  Natromontebrasite.  (Na,Li)Al(0H,F)P04.  Mono- 
clinic.  Crystab  coarse  with  rough  faces.  Three  deavages.  Usually  in  cleavage  masses. 
PolyB3mthetic  twinning  shown  under  microscope.  H.  «  5*5.  G.  »  3*04.  Luster  vitreous 
to  greasy.  Color,  grayish  white  to  white.  Translucent  to  opaque.  Optically  — .  Bisec^ 
trix  nearly  normal  to  basal  deavage.  Easily  fusible  to  a  white  enamd  with  strcmg  sodium 
flame  color.    From  a  pegmatite  near  Canon  City,  Fremont  County,  Col. 


B.  Basic  Phosphates 

This  section  includes  a  series  of  well-characterized  basic  phosphates,  a 
number  of  which  fall  into  the  Olivinite  Group.  Acid  phosphates  are  repre- 
sented by  one  species  only,  the  Uttle  known  monetite,  probably  HCaP04, 
see  p.  606. 

Olivenite  Group*    Orthorhombic 

d  r  6  *  c 

OUvenite  Cu2(OH)As04  0-9396  :  1  :  0-6726 

Libethenite  Cu2(OH)P04  0-9601  :  1  : 0-7019 

Adamite  Zn2(OH)As04  0-9733  :  1  :  0-7158 

Desdoizite  (Pb,Zn)2(OH)V04 

a  :  5  :  c  =  0*6368  :  1  :  0-8045  or  |a  :  6  :  c  =  0*9552  :  1  :  0-8045 
Cuprodescloizite          (Pb,Zn,Cu)2(0H)  VO4 

The  Olivenite  Group  includes  several  basic  phosphates,  arsenates,  etc.,  of 
copper,  zinc,  and  lead,  with  the  general  formula  (ROH)RP04,(ROH)RAsOi, 
etc.  They  crystallize  in  the  orthorhombic  system  with  similar  form.  It  is  to 
be  noted  that  this  group  corresponds  in  a  measure  to  the  monocUnic  Wagnerite 
Group,  p.  600,  which  also  includes  basic  members. 
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OLIVENTIB. 

Orthorhombic.    Axes  a  :b  :c 

86*^26'. 
Hi'. 


mm 


m 


110  A  lIO 
101  A  lOl 


IV 


0-9396  : 

ee',  Oil 
ve,  101 


1  : 0-6726. 

A  Oil  -  er  51'. 

A  oil  «  ^T  34'. 


Crystals  prismatic,  often  adeular.  Also  globular  and 
reniform,  indistinctly  fibrous,  fibers  straight  and  divergent, 
rarely  irregular;  also  curved  lamellar  and  granular. 

Cleavage:  m  (110),  h  (010),  c  (Oil)  in  traces.  Fracture 
conchoidal-  to  uneven.  Brittle.  H.  =  3.  G.  —  4-1-4-4. 
Luster  adamantine  to  vitreous;  of  some  fibrous  varieties  pearly. 
Color  various  shades  of  olive-green,  passing  into  leek-,  siskin-, 
pistachio-,  and  blackish  green;  also  liver- and  wood-brown; 
sometimes  straw-yellow  and  grayish  white.  Streak  oUve-green  to  brown. 
Subtransparent  to  opaque.    Mean  index,  1-83. 

Var.  —  (o)  CryalaUized.  (6)  Fibrous;  finely  and  divergently  fibrous,  of  preen,  yellow, 
brown  and  gray,  to  white  colons,  with  the  surface  sometimes  velvety  or  acicular;  found 
investing  the  conmion  variety  or  passing  into  it;  called  woodrcopper  or  wood-arsenate, 
(c)  Eamy;  nodular  or  massive;  sometimes  soft  enough  to  soil  the  fingers. 

Comp.  —  Cu8As208Cu(OH)2  or  4CuO.As2O6.H2O  =  Arsenic    pentoxide 
40-7,  cupric  oxide  56-1,  water  3-2  =  100. 

Pyr.,  etc.  —  In  the  closed  tube  gives  water.  B.B.  fuses  at  2,  coloring  the  flame  bluish 
green,  and  on  cooling  the  fused  mass  appears  crystalline.  B.B.  on  clmrcoal  fuses  with 
deflagration,  gives  off  arsenical  fumes,  ana  yields  a  metallic  arsenide  which  with  soda  yields 
a  globule  of  copper.    With  the  fluxes  reacts  for  copper.    Soluble  in  nitric  acid. 

Obs.  —  The  crystallized  varieties  occur  in  Cornwall,  at  various  mines;  Tavistock,  in 
Devonshire;  in  Tyrol,  Austria;  the  Banat,  Hungary;  Nizhni  Tadlsk  in  the  Ural  Mts.; 
Chile.  In  the  United  States,  in  Utahj  at  the  American  Eagle  and  Mammoth  mines,  Tintic 
district,  both  in  cr3rstals  ana  wood-copper.  The  name  ohvenite  alludes  to  the  olive-green 
color. 


LIBETHENITE. 
Orthorhombic. 
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In  crystals  usually  small,  short  prismatic  in  habit ;  often 
united  in  druses.     Also  globular  or  reniform  and  compact. 

Cleavage:  a  (100),  h  (010)  very  indistinct.  Fracture 
subconchoidal  to  uneven.  Brittle.  H.  =  4.  G.  =  3-&- 
3 '8.  Luster  resinous.  Color  olive-green,  generally  dark. 
Streak  olive-green.  Translucent  to  subtranslucent.  Mean 
index,  1*72. 

Comp.  —  Cu3P208.Cu(OH)2  or  4CuO.P2O5.H2O  = 
Phosphorus  pentoxide  29*8,  cupric  oxide  66'4,  water 
3-8  =  100. 

Pyr.,  etc.  —  In  the  closed  tube  yields  water  and  turns  black.  B.B.  fuses  at  2  and  colors 
the  flame  emerald-green.  On  charcoal  with  soda  gives  metallic  copper,  sometimes  also  an 
arsenical  odor.  Fused  with  metallic  lead  on  charcoal  is  reduced  to  metallic  copper,  with 
the  formation  of  lead  phosphate,  which  treated  in  R.F.  gives  a  crystalline  polyheoral  bead 
on  cooling.    With  the  fluxes  reacts  for  copper.    Soluble  in  nitric  acid. 

Obs.  —  Occurs  with  chalcopyrite  at  Libethen.  near  Neusohl,  Hungary;  at  Rhein- 
breitenbach  and  Ehl  on  the  Rhine,  Germany:  at  Nizhni  Tagilsk  in  the  Ural  Mts.;  from 
Viel-Salm,  Belgium;  in  small  quantities  in  Cornwall,  England.  In  Clifton-Morenci  dis- 
trict, Ariz. 
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Tarbuttite.  ZxuPsQi  Zn(OH)i.  Triclinic.  Crystab  striated  and  rounded,  frequent!^ 
in  sheaf-like  aggr^tes.  Perfect  basal  cleavage.  H.  »  37.  Q.  »  4'1.  Colorleas  to  pd^ 
yellow,  brown,  red,  or  green.    Fusible.     From  Broken  Hill,  N.  W.  Rhodesia. 

Adamite.  ZnsAss08.Zn(0H)t.  In  smaU  orthorhombic  crystals,  often  grouped  in  rru:^:- 
and  granular  aggregations.  H.  »  3'5.  G.  »  4*34-4*35.  Color  honey-ydUow,  violet,  rose- 
red,  green,  colOTiess.  Mean  index,  1*73.  From  Chafiarcillo,  Chile;  Cap  Garonne,  Fnnce: 
from  Mte.  Valerio,  Cainpiglia  Marittima,  Italy;  at  the  ancient  zinc  mines  of  Lauh<Ki, 
Greece.  From  Island  of  Thasos.  Turkey.  Vaneties  from  Cap  Garomie,  Var,  France,  con- 
taining cobalt  and  copper  have  been  called  cobaltoadam^  and  cuproadamite, 

Desdoizite.  lUVtOs.RCOH)*  or  4RO.VtOt.HtO;  R  »  Pb,  Zn  chiefly,  and  usually  c 
the  ratio  1  :  1  approx.  In  small  orthorhombic  crystals,  often  drusy ;  abo  massive,  fibn^u5 
radiated  with  manmiillary  surface.  H.  =»  3*5.  G.  =  5*9-6*2.  Color  cherry-red  and 
brownish  red,  to  light  or  dark  brown,  black.  Streak  orange  to  brownish  red  or  yellovi^h 
gray.    Mean  index,  1*83. 

From  the  Sierra  de  C6rdoba,  Argentina;  Kappel  in  Carinthia.  Abundant  at  Lake 
Valley,  Sierra  Co.^  N.  M.,  also  near  Georgetown  and  at  Magdalena:  in  Ariz,  near  Toml- 
stone;  in  Yavapai  Co.;  at  the  Mammoth  Gold  mine,  near  Oracle,  Pinal  Co. 

A  massive  variety,  containing  copper  (6*5  to  9  p.  c),  in  crusts,  and  reniform  masses  ititl 
radiated  structure,  occurs  in  San  Luis  Potosi,  also  in  a  vein  of  argentiferous  galena  in 
S^acatecas,  Mexico;  it  has  been  variously  named  cuprodeacloiziUf  tritochorUe,  ramirU^.  A 
similar  variety  (11  p.  c.  CuO)  occurs  as  an  incrustation  on  quartz  at  the  Lucky  Cuss  mine. 
Tombstone,  Uochise  Co.,  and  in  stalactites  at  Shattuck  Arizona  mine,  Bisbee,  Arix.  From 
Camp  Signal,  San  Bernardino  Co.,  Cal. 

EusYNCHiTE  may  be  identical  with  desdoizite.  Massive:  in  nodular,  stalactitic  forms. 
G.  »  5*596.  Color  yellowish  red,  reddish  brown,  greenish.  From  Hofsgrund  near  Frei- 
burs  in  Baden,  Germany.  The  same  may  be  true  of  cartEOxene  from  Dahn  near  Nieder- 
SchMtenbach,  Rhenish  Bavaria,  Germany. 

Pyrobelonite.  4Pb0.7Mn0.2VjO».3HiO.  Orthorhombic.  In  small  acicular  crystab. 
Fire-red  color.  H.  «  3*5.  G.  ==  5*377.  High  index.  Probably  related  crystallographio 
ally  to  desdoizite.    From  L&ngban,  Sweden. 

Dechenite.  Composition  usually  accepted  as  PbVtO*.  Massive,  botryoidal,  nodular. 
G.  =  5*6-5 '81.  Color  deq3  red  to  yellowisn  red  and  brownish  red.  From  Nieder-Schlet- 
tenbach  in  the  Lautertal,  Rhenish  Eiavaria,  Germany. 

Caldovolborthite.  Probably  (Cu,Ca)3Vx08.(Cu,Ca)(OH)i.  In  thin  green  tables;  aL«o 
gray,  fine  crystalline  granular.  Mean  index,  2*05.  From  FYiedrichsrode,  Thuringia,  G^- 
many.  Minerals  from  Richardson,  southeastern  Utah,  and  from  near  Baker  City,  Oregon, 
probably  belong  here. 

.  Higginsite.  CuCa(OH)A804.  Orthorhombic.  Small  prismatic  crystals.  H.  =  4*5. 
G.  »  4*33.  n  »  1*745.  Pleochroic,  green,  ydlow-green,  blue-green.  From  Higgins  mine. 
Bisbee,  Ariz. 

Brackebuscbite.  Near  desdoizite  (monoclinic?).  From  the  State  of  Cordoba,  Ar- 
gentina. 

TuRANiTE.  A  copper  vanadate,  5CuO.Vt06.2HsO.  Radiating  fibrous.  From  Tyuya- 
Muyim,  south  of  Anaidjan,  Alai  Mts.,  Turkestan. 

Psittacinite.  A  vanadate  of  lead  and  copper,  from  the  Silver  Star  District,  Mon.  In 
thin  coatings;  also  pulverulenjb.     Color  siskin-  to  olive-green. 

MoTTRAMiTE.  A  Vanadate  of  lead  and  copper;  possibly  identical  with  psittacinite; 
in  vdvety  black  incrustations.     From  Mottram  St.  Andrew's,  Cheshire,  England. 

Fumacite.  A  basic  chrom-arsenate  of  lead  and  copper.  In  dark  olive-green,  small 
.prismatic  crystals.    From  Djoci^,  French  Equatorial  Africa. 

Tsumebite.  Presiite.  A  basic  lead  and  copper  phosphate.  Orthorhombic?  In 
dmall  tabular  crystals.  H.  —  3*5.  G.  =  6'1.  Index,  >  1*78.  Color  emerald-green. 
Pleochroic,  blue-green  to  yellow-green.  Easily  fusible.  From  Tsumeb,  Otavi,  G^man 
S.  W.  Africa. 


CLINOCLASITE.     Aphan^. 

Monoclinic.     Axes  a:h:c-=  1-9069  :  1  :  3-8507;  /?  =  SO""  30'. 

Crystals  prismatic  (m  (110));   also  elongated  ||  h  axis;  often  grouped  in 
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nearly  spherical  forms.  Also  massive,  hemispherical  or  reniform;  structure 
radiated  fibrous. 

Cleavage:  c  (001)  highly  perfect.  Brittle.  H.  =  2-5-3.  G.  =  4*  19-4-37. 
Liuster:  c  pearly;  elsewhere  vitreous  to  resinous.  Color  internally  dark  verdi- 
gris-green; externally  blackish  blue-green.  Streak  bluish  green.  Subtrans- 
parent  to  translucent. 

Comp.  —  Cu3As208.3Cu(OH)j  or  6CuO.As2O6.3H2O  =  Arsenic  pentoxide 
30*3,  cupric  oxide  62*6,  water  7*1  =  100. 

Pyr.,  etc.  —  Same  as  for  olivenite. 

Obs.  —  Occurs  in  Cornwall,  with  other  ores  of  copper.  In  Utah,  Tintic  district,  at  the 
Mammoth  mine.  From  Collahurasi.  Tarapaca,  Chile.  Named  in  allusion  to  the  basal 
cleavage  being  oblique  to  the  sides  of  the  prism. 

Erinite.  Cu»As208.2Cu(OH)s.  In  mammillated  crystalline  groups.  Color  fine  emer- 
ald-green.    From  Cornwall;  also  the  Tintic  district,  Utah. 

Dihydrite.  Cu»P208.2Cu(OH)i.  In  dark  emerald-green  crystals  (monoclinic). 
H.  =  4*5-5.    G. «  4-4*4.     From  Ehl  near  Linz  on  the  Rhine,  Grcrmany ;  the  Ural  Mts.,  etc. 

Pseudomalachite.  In  part  Cu»P208.3Cu(OH)i.  Massive,  resembling  malachite  in 
color  and  structure.  Indices,  1'83-1'93.  From  Rheinbreitenbach,  Germany;  Nizhni 
Tagilsk,  Russia,  etc.     EfdiU  is  closely  aUied. 

DUFRENITE.    Kraurite. 

Orthorhombic.  Crystals  rare,  small,  and  indistinct.  Usually  massive,  in 
nodules;  radiated  fibrous  with  drusy  surface. 

Cleavage:  a  (100),  probably  also  b  (010),  but  indistinct.  H.  =  3*5-4. 
G.  =  3'2-3'4.  Luster  silky,  weak.  Color  dull  leek-green,  olive-green,  or 
blackish  green;  alters  on  exposure  to  yellow  and  brown.  Streak  siskin-green. 
Subtranslucent  to  nearly  opaque.    Strongly  pleochroic.    Indices,  r83-r93. 

Comp.  —  Doubtful;  in  part  FeP04.Fe(OH)3  =  2Fe2O3.P2OB.3H2O  = 
Phosphorus  pentoxide  27 -5,  iron  sesquioxide  62*0,  water  10*5  =  100. 

Pyr.,  etc.  —  Same  as  for  vivianite,  but  less  water  is  given  out  in  the  closed  tube.  B.B. 
fuses  easily  to  a  slag. 

Obs.  —  Occurs  near  Anglar,  Dept.  of  Haute  Vienne,  France;  in  Germany  at  Hirsch- 
berg  in  Westphalia  and  from  the  Rothl&ufchen  mine  near  Waldgirmes;  St.  Benigna, 
Bohemia;  East  Cornwall,  England. 

In  the  United  States,  at  Allentown,  N.  J.;  in  Rockbridge  Co.,  Va.,  in  radiated  coarsely 
fibrous  masses;  from  Grafton.  N.  H.  Dufreniberaunite  is  a  variety  intermediate  in  com- 
position between  dufrenite  and  heraunite  from  Hellertown,  Pa. 

LAZULITE. 
Monoclmic:  Axes  a:b:c  =  0-9750  :  1  :  1*6483;  /3  =  89^  14'. 

at,     100  A  101  «  30°  24'.  ee'.  Til  A  ITl  =  80*^  20'.  OftA 

pp',  111  A  111  =  79**  40'.  pc,   111  A  111  =  82''  30'.  /^ 

Crystals    usually    acute    pyramidal    in    habit.    Also  //  A\ 

massive,  granular  to  compact.  /    l\  \ 

Cleavage:     prismatic,    indistinct.    Fracture    uneven.  /p  r     V  \ 

Brittle.    H.  =  5-^.    G.  =  3-057-3122.    Luster  vitreous.  /^..y./.-^\..,\ 

Color  azure-blue;    commonly  a   fine  deep    blue    viewed  \^y     /  f/ 

along  one  axis,  and  a  pale  greenish  blue  along  another.  \    \    /  /  / 

Streak  white.    Subtranslucent  to   opaque.    Optically  — .  \\  '^f  / 

2V  =  69°.     a  =  1-603.     /5  =  1-632.     y  =  1639.  \\/  // 

Comp.  —  RAl2(OH)2P208  or  2AIPO4. (Fe,Mg)  (0H)2  with  \\  / 

Fe  :  Mg(Ca)  =  1  :  12,  1  :  6,  1  :  2,  2  :  3.    For  1  :  2  the  for-  ^^ 
mula  requires :   Phosphorus  pentoxide  45'4,  alumina  326,  iron  protoxide  7*7, 
magnesia  8*5,  water  5'8  =  100. 
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Pyr.,  etc  —  In  the  doeed  tube  whitens  and  yields  water.  In  the  forceps  wfaitens,  cmcks 
open,  swells  up,  and  without  fusion  falls  to  pieces,  coloring  the  flame  bluish  green.  B.& 
with  cobalt  solution  the  blue  color  of  the  mineral  is  restored.  The  peen  color  of  the  flaim 
is  made  more  intense  by  moistening  the  assay  with  sulphuric  add.  With  the  fluxes  gives  21 
iron  glassy  with  soda  on  charcoal  an  infusible  mass.  Unacted  upon  by  adds,  retaining 
perfectly  its  blue  color. 

Obs.  —  Occurs  near  Werfen  in  Salzburg,  Austria;  Krieglach^  in  Styria;  also  Horrs- 
jdbearg,  Sweden;  from  Madagascar. 

Abundant  with  conmdum  at  Crowder's  Mt.,  Gaston  Co.,  N.  C;  and  on  Graves  Mt-. 
Lincoln  Co.,  Ga.,  with  cyanite,  rutile,  etc. 

Hie  name  lazulite  is  derived  from  an  Arabic  word,  osv/,  meaning  heaveny  and  alludes  xo 
the  color  of  the  mineral. 

Tavistoddte.  CasP20t.2Al(OH)i.  In  microscopic  acicular  crystab,  sometimes  stellate 
groups.    Color  white.    From  Tavistock,  Devonshire. 

Cirrollte.  Perhaps  Ca>Al(P04)s.Al(0H)i.  Compact.  G.  »  3'OS.  Color  pale  yellow. 
Occurs  at  the  iron  mine  at  Westani,  in  Scania,  Sweden. 

Arsenioaidefite.  CaiFe(As04)».3Fe(OH)i.  In  yellowish  brown  fibrous  concretions. 
G.  »  3 '520.  Index,  3*83.  From  Roman6che,  near  M&con,  France;  also  at  Schneeberg, 
Saxony. 


AUactite.  MnsA8sOt.4Mn(OH):.  Monoclinic.  In  small  brownish  red  prismatic  crys- 
stals.     Mean  index,  1*786.    From  the  Moss  mine,  Nordmark,  and  at  Iiln^>an,  Sweden. 

Sjmadelphite.  2(Al,Mn}A804.5Mn(OH)i.  In  prismatic  crystals;  also  in  grains.  G.= 
3*45-3*50.    Color  brownish  black  to  black.    From  the  Moss  mine,  Nordmark,  Sweden. 

Flinkite.  MnAs04.2Mn(OH)i.  In  minute  orthorhombic  cr3rsta]8,  tabular  ||  c(OOl); 
grouped  in  feather-like  aggr^ates.  G.  »  3*87.  Color  greenish  brown.  From  the  Harstig 
mine,  Pajsberg,  Sweden. 

Hematolite.  Perhaps  (Al,Mn)As04.4Mn(OH)s.  In  rhombohedral  crystals.  G.  = 
3*30-3*40.  Color  brownish  red,  black  on  the  surface.  Mean  Index,  1*730.  From  the 
Moss  mine,  Nordnuirk,  Sweden. 

Retzian.  A  basic  arsenate  of  the  yttrium  earths,  manganese  and  calcium.  In  ortho- 
rhombic  crystals.  H.  »  4.  G.  «  4*15.  Color  chocolate-  to  chestnut-brown.  From  the 
Moss  mine,  Nordmark,  Sweden. 

Arseniopleite.  Perhaps  R«R<(0H)c(As04)c;  R  »  Mn,  Ca,  also  Pb,  Mg;  R  «  Mn, 
also  Fe.  Massive,  deavaole.  Color  brownish  red.  Occurs  at  the  Sj5  mine,  Grythytte 
parish,  Sweden,  with  rhodonite  in  crystalline  limestone. 


Bianganostibiite.  Hematostibiite.  Highly  basic  manganese  antimonates.  In  em- 
bedded Drains.  Color  black.  Manganosiibiite  occurs  at  Nordmark,  Sweden;  hematosiibiUe 
is  from  the  Sjd  mine,  Grythytte  parish,  Sweden. 

Atelestite.  Basic  bismuth  arsenate,  HiBisAsOi.  In  minute  tabular  crystals.  G.  » 
6*4.    Color  sulphur-yellow.    From  Schneeberg,  Saxony. 

C.  Normal  Hydrous  Phosphatesi  etc. 

The  only  important  group  among  the  normal  hydrous  phosphates  is  the 
monoclinic  Vivianite  Group. 

Struvite.  Hydrous  ammonium-magnesium  phosphate.  In  orthorhombic-hemimorphic 
crystals  (Fi|^.  323,  p.  127);  white  or  yellowish;  slightly  soluble.  Index,  1*502.  From 
guano  deposits. 

CoUophanite.  CasPsOs-HtO.  In  la3rers  resembling  ffymnite  or  opal.  Colorless  or 
snow-white,  n  —  1.59.  From  the  island  of  Sombrero,  West  Indies.  Monite  is  similar, 
from  the  islands  Mona  and  Moneta  in  the  West  Indies,  where  it  is  associated  with  moneh'te, 
HCaP04  occurring  in  yellowish  white  triclinic  crystals. 

Ptrgphosphgrite.  MgtPy07.4(CasPt08.CatPs07).  Massive,  earthy.  Cclat  anow- 
white,  dull.    From  the  West  Indies. 
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Hopeite.  Hydrous  zinc  phosphate,  Zn3PsOt.4HiO.  Orthorhombic.  In  minute  pris- 
matic crystals.  Also  in  reniform  masses.  Three  cleavages:  a  (100),  perfect;  h  (010),  good: 
c  (001)^  poor.  Crystals  from  Broken  Hill  show  interbanding  of  two  modifications,  a-  ana 
i9-hopeite  which  have  the  same  composition  but  differ  in  their  optical  characters.  H.  » 
3-2.  G.  =  30-31.  Color  gravish  white.  Optically  -.  /3  *  ISQ.  Found  in  cavities  in 
calamine  at  the  zinc  mines  of  Moresneti  Belgium;  at  the  Broken  Hill  mines,  Rhodesia. 

Parahopeite.  ZiuPsOt.4HiO.  Same  as  for  hopeite.  Triclinic.  In  tabular  crystals 
with  deep  striations.  Good  cleavage.  H.  » 3'7.  G.  »  3'3.  Colorless.  Found  at 
Broken  Hill,  Rhodesia. 

Dickinsonite.  3RsPiOt.HtO  with  R  «  Mn,  Fe,  Nas  chiefly,  also  Ca,  Ks,  Lit.  In 
tabular,  pseudo-rhombohedral  crystals;  commonly  foliated  to  micaceous.  G.  =  3*338^ 
3*343.  Color  oUve-  to  oil-green,  grass-green.  ^  «  1*662.  From  Branchville,  Faii^eld 
Oo.,  Conn. 

Fillowite.  Formula  as  for  dickinsonite  and  also  from  Branchville,  Conn.,  but  differing 
in  angle.  In  granular  crystalline  masses.  G.  »  3*43.  Color  wax-yellow,  yellowish  to 
reddiw  brown,  colorless,    fi  ^  1*672. 


The  three  following  triclinic  species  are  related  in  composition  and  may  be  in  crystalline 
form. 

Roselite.  (Ca,Co,Mg)iAsf08.2HtO.  In  small  crystals;  often  in  druses  and  spherical 
aggregates.    G.  «  3'5-3*6.    Color  light  to  dark  rose-red.    From  Schneeberg,  Saxony. 

Brandtite.  CasMnAsf08.2HsO.  In  prismatic  crystals;  crystals  often  united  in  radi- 
ated groups.  G.  "  3*671-3*672.  Colorless  to  white.  From  the  Harstig  mine,  near  Pajs- 
berg,  Sweden. 

Fairfieldite.  A  h}rdrous  phosphate  of  calcium  and  manganese,  CaiMnPtOs.2HsO. 
Triclinic.  In  prismatic  crystals;  usually  in  foliated  or  fibrous  crystaUine  aggregates. 
G.  =  3*07-3*16.  Color  White  or  greenish  white  to  pale  straw-yellow.  /8  =  1*644.  From 
Branchville,  Fairfidd  Co.,  Conn.;  Rabenstein,  Bavaria  (leucomanganiU). 

Messelite.  (Ca,Fe)sPiOt.2^HtO.  In  mmute  tabular  crystals.  Colorless  to  brownish. 
fi  rs  1*653.  From  near.Messel  in  Hesse,  Germany.  Perhaps  an  alteration  of  Anapaite 
through  loss  of  water. 

Anapaite.  Tamanite,  (Ca,Fe)tPsOt.4H«0.  Triclinic.  In  tabular  crystals.  One  per- 
fect cleavage.  H.  »  3*5.  G.  »  2*8.  Color  greenish  white.  From  the  Umonite  mines 
near  Anapa  on  the  Taman  peninsula,  Russia. 

Reddingite.  MnsPsOt.3HtO.  In  orthorhombic  crystals  near  scorodite  in  angle;  also 
flranular.  G.  «  3*102.  Color  pinkish  white  to  yellowish  white.  Optically +.  ^  »  1*656. 
fSx>m  Branchville,  Conn. 

Pabdte.  Hydrous  manganese  phosphate,  5MnO.2PsOf.4HtO.  Monoclinic?  In  crsrs- 
talline  masses.  G.  —  3*2.  Color,  flesh-pink.  Indices  1*65-1*66.  From  Pala,  San  Diego 
Co.,  Cal.    Derived  by  alteration  from  lUhiopkilUe  and  alters  into  hureaidile. 

Stewartite.  Hvdrous  manganese  phosphate,  3MnO.PiOi.4HtO.  Triclinic?  In  fibers 
or  minute  crystals.  G.  »  2*94.  Indices,  1*63-1*69.  Pleochroic,  colorless  to  yellow. 
Foimd  as  an  alteration  product  of  UthiophiUte  from  Pala,  Cal. 

Picropharmaoolite.  RtAss08.6H20.  with  R  »  Ca  :  Mg  "5:1.  In  small  spherical 
forms.    Color  white.    From  Riechelsaorf  and  Freiberg,  Germany;  Joplin,  Mo. 

Trichalcite.  CusAstOt.5HiO.  In  radiated  groups,  columnar;  dendritic.  Color  verdi- 
grift-green.    From  the  Turginsk  copper  mine  near  Bogoelovsk,  Ural  Mts. 

Vivianite  Group.    Monodinic 

Vivianite  FeaPjOg-SHaO    o  :  6  :  c  =  0-7498  :  1  :  0-7015      fi  =  75^  34' 

Symplesite  FesAssOs-SHaO  0-7806  :  1  : 0-6812  72''  43' 

Bobierrite  MgsP,08.8HsO 

Hoemesite  Mg8A8208.8HaO 

Eiythrite  Co,A8a08.8H20  0-75      : 1  : 0-70  75^ 

Annabergite  NisAss08.8H20 

Cabrerite  (Ni,Mg)8As208.8H,0 

Kottigite  Zn8As208.8HsO 
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The  ViYiANiTE  Group  includes  hydrous  phosphates  of  iron,  magnesium, 
cobalt,  nickel  and  zinc,  all  with  eight  molecules  of  water.  The  crystallixatioo 
is  monoclinic,  and  the  angles,  so  far  as  known,  correspond  closely. 

VIVIAlirTE. 

Monoclinic.  Crystals  prismatic  {mm'"  110  A  iTO  =  IV  58');  often  in 
stellate  groups.  Also  reniform  and  globular;  structure  divergent,  fibrous,  or 
earthy;  also  incrusting. 

Cleavage:  6  (010)  highly  perfect;  a  (100)  in  traces;  also  fracture  fibrous 
nearly  J.  c  axis.  Flexible  in  thin  lamime;  sectile.  H.  =  To  —  2.  G  =  2vi.S 
—  2'68.  Luster,  6  (010)  pearly  or  metaUic  pearly;  other  faces  vitreous. 
Colorless  when  unaltered,  blue  to  green,  deepening  on  exposure.  Streak 
colorless  to  bluish  white,  changing  to  indi^Q-blue  and  to  liver-brown. 
Transparent  to  translucent;  opaque  after  exposure.  Pleochroism  strong; 
X  =  cobalt-blue,  Y  and  Z  =  pale  greenish  yellow.  Optically  +.  a  =  1-581. 
P  =  1-604.     7  =  1-636. 

Comp.  —  Hydrous  ferrous  phosphate,  FeaPjOg-SHjO  =  Phosphorus  pent- 
oxide  28*3,  iron  protoxide  43-0,  water  28*7  =  100. 

Many  analyses  show  the  presence  of  iron  sesquioxide  due  to  alteration. 

Pyr.,  etc.  —  In  the  closed  tube  vields  neutral  water,  whitens,  and  exfoliates.  B.B. 
fuses  at  1 '5,  coloring  the  flame  bluish  green,  to  a  grayish  black  magnetic  ^obule.  With 
the  fluxes  reacts  for  iron.    Soluble  in  hydrochloric  acid. 

Obs.  — Occurs  associated  with  pyrrhotite  and  pyrite  in  copper  and  tin  veins;  some- 
times in  narrow  veins  with  gold,  traversing  grajrwacke;  both  friable  and  crystallized  in  beds 
of  cla}^,  and  sometimes  associated  with  limonite,  or  bog  iron  ore;  ofteA  in  cavities  of  fossils 
or  buried  bones. 

Occurs  at  St.  Agnes  and  elsewhere  in  Cornwall,  Endand:  at  Bodenmais,  Germany;  the 
sold  mines  of  Verespatak  in  Transylvania.  From  Asnio,  Shimot^uke,  Japan.  A  variet>' 
from  the  Kertsch  and  Taman  peninsulas,  South  Russia,  that  contains  small  quantities  of 
manganese  and  magnesium  has  been  called  partwimanite.  The  earthy  variety,  sometimes 
ddled  hive  irorv-earth  or  native  Prussian  blue  (Per  azwri)^  occurs  in  Greenland,  Carinthia, 
Guatemala,  Bolivia,  Victoria,  Australia,  etc. 

In  North  America^  in  N.  J.,  at  Allentown,  Monmouth  Co.,  both  crystallised,  in  nodules, 
and  earthy;  at  MuUica  HilL  Gloucester  Co.  {mvUiciU),  in  cylindrical  masses.  In  Va.,  in 
Stafford  Co.  In  Ky.,  near  £ddyville.  In  Col.  at  Leadville;  in  Idaho,  at  Silver  City.  In 
Canada,  with  limonite  at  Vaudreuil. 

Symplesite.  Probably  Fe^AszOs-SHsO.  In  smaU  prismatic  crystals  and  in  radiated 
spherical  aggregates.  G.  »  2 '957.  Color  pale  indigo,  inclined  to  celandine-green.  From 
Lobenstein,  Germany;  Hattenberg,  Carintnia. 

Bobierrite.  MgsPjOs.SHiO.  In  aggregates  of  minute  ciystals;  also  massive.  Color- 
less to  white.  From  the  gucmo  of  Nlexillones,  on  the  Chilian  coast.  HauUfeuUUte 
is  like  bobierrite,  but  contains  calcium.  Monoclinic.  Index  1'52.  From  Bamle, 
Norway. 

Hcemesite.  Mg»As208.8HiO.  In  crystals  resembling  gypsum;  also  oolunmar;  stellar- 
foliated.    Color  snow-white.    From  the  Banat,  Hungary. 

ERYTHRITB.    Cobalt  bloom. 

Monoclinic.  Crystals  prismatic  and  vertically  striated.  Also  in  globular 
and  reniform  shapes,  having  a  drusy  surface  and  a  colunmar  structure;  some- 
times stellate.     Also  pulverulent  and  earthy,  incrusting. 

Cleavage:  6  (010)  highly  perfect.  Sectile.  H.  =  l*5-2'5;  least  on  6. 
G.  =  2*948.  Luster  of  b  pearly;  other  faces  adamantine  to  vitreous;  also 
dull,  earthy.  Color  crimson-  and  peach-red,  sometimes  gray.  Streak  a  little 
paler  than  the  color.  Transparent  to  subtranslucent.  Strongly  pleochroic. 
Optically  -.     a  =  1626.    fi  =  1-661.     y  =  1-699. 
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Comp.  —  Hydrous  cobalt  arsenate,  CosAsjOg-SHgO  =  Arsenic  pentoxide 
38*4,  cobalt  protoxide  37*5,  water  24' 1  =  100.  The  cobalt  is  sometimes  re- 
placed by  nickel,  iron,  and  calcium. 

Pyr.,  etc.  —  In  the  closed  tube  yields  water  at  a  gentle  heat  and  turns  bluish;  at  a 
higher  heat  gives  off  arsenic  trioxide  which  condenses  in  er3rstals  on  the  cool  glass,  and  the 
residue  has  a  dark  grav  or  black  color.  B.B.  in  the  forceps  fuses  at  2  to  a  gray  bead,  and 
colors  the  flame  light  blue  (arsenic).  B.B.  on  charcoal  gives  an  arsenical  odor,  and  fuses 
to  a  dark  gray  arsenide,  which  with  borax  gives  the  deep  blue  color  characteristic  of  cobalt. 
Soluble  in  hydrochloric  acid.  Kiving  a  rose-red  solution. 

Obs.  —  Occurs  at  Schneeberg  in  Saxony,  in  micaceous  scales;  Wolfach  in  Baden; 
Modum  in  Norway.    From  the  Veta  Rica  mine.  Sierra  Mojada.  Coahuila,  Mexico;  Chile. 

In  the  United  States,  in  Pa.,  sparingly  near  Philadelphia;  in  Nev.,  at  Lovelock's  station. 
In  Cal.     In  crystals  from  Cobalt,  Canada.     Named  from  cpu^pos,  red. 

Annabereite.  Ni3As208.8H20.  Monoclinic.  In  capillary  ci^ystals;  also  massive  and 
disseminated.  Color  fine  apple-green.  Optically  — .  Mean  index,  1*68.  From  AUe- 
mont  in  Dauphin^,  France;  Annaberg,  Schneeberg  and  Riechelsdorf,  Germany;  in  Col.; 
Nev.;  Cobalt,  Ontario,  Canada. 

Cabrerite.  (Ni,MK)iA8208.8HsO.  Like  erythrite  in  habit.  Also  fibrous,  radiated; 
reniform,  granular.  Uolor  apple-green.  From  the  Sierra  Cabrera,  Spain;  at  Laurion, 
Greece. 

KiSttigite.  Hydrous  zinc  arsenate,  Zn^AssOg.SHsO.  Massive,  or  in  crusts.  Color 
light  carmine-  and  peach-blossom-red.  Occurs  with  smaltite  at  tne  cobalt  mine  Daniel, 
near  Schneeberg,  Germany. 

Rhabdophanite.  Scovillite.  A  hydrous  phosphate  of  the  cerium  and  yttrium  metals. 
Massive,  small  mamillary;  as  an  incrustation.  G.  »  3*94-4*01.  Color  brown,  pinkish  or 
yellowish  white.  Rhabdophanite  is  from  Cornwall;  SccmUite  is  from  the  Scoville  (limonite) 
ore  bed  in  Salisbury,  Conn. 

Churchite.  A  hydrous  phosphate  of  cerium  and  calcium.  As  a  thin  coating  of  minute 
crystals.  G.  »  3*14.  Color  pale  smoke-gray  tinged  with  flesh-red.  From  Cornwall,  Eng- 
land.   

Uvanite.  2UOj.3VjO».l5HiO.  Orthorhombic.  Fine  granular.  Two  pinacoidal  cleav- 
ages. Color  brownish  yellow.  Indices,  1*82-2*06.  Found  disseminated  in  rocks  near 
Temple  Rock,  45  miles  southwest  of  Greenriver,  Utah. 

Ferganite.  U3(V04)2.6HaO.  In  scales.  Color  sulphur-yellow.  From  province  of 
Fergana,  Russian  Turkestan. 

Femandinite.  CaO.Vi04.5V20f.l4H20.  Massive.  Color  dull  green.  Readily  soluble 
in  acids,  partly  soluble  in  water.    Found  at  Minasragra,  Peru. 

Pascoite.    Hydrous  calcium  vanadate,  possibly  2Ca0.3V20».llHsO.     Monoclinic.     In 

f-ains.     H.  =  2*5.    G.  «  2*46.     Color     orange.      Streak    yellow.    Indices,     1*77-1*83. 
asily  fusible.    Soluble  in  water.     Found  at  Minasragra,  Province  of  Pasco,  Peru. 

Pintadoite.  Hydrous  calcium  vanadate,  2CaO.  VsOe.OHsO.  As  an  efflorescence.  Color 
green.     Found  coating  surfaces  of  sandstone  in  Canyon  Pintado,  Utah. 


SCORODITB. 

Orthorhombic.    Axes  a  :b  :  c 

dd'    120  A  120  =  60^  1'. 


PP 


K  111  A  111  =  77''  8'! 


0-8658  :  1  :  0-9541. 

Ill  A  Til  =  lir   6'. 
Ill  A  111  «    65°  20'. 


PP", 
PP"', 


Habit  octahedral,  also  prismatic.    Also  earthy,  amorphous. 

Cleavage:  d (120)  imperfect;  a  (100),  6  (010)  in  traces.  Frac- 
ture uneven.  Brittle.  H.  =  3*5-4.  G.  =  3*  1-3*3.  Luster  vit- 
reous to  subadamantine  and  subresinous.  Color  pale  leek-green 
or  liver-brown.  Streak  white.  Subtransparent  to  translucent. 
Mean  index,  1*84. 

Comp.  —  Hydrous    ferric    arsenate,   FeAs04.2H20  =  Arsenic    pentoxide 
49*8,  iron  sesquioxide  34'6,  water  15*6  =  100. 
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Pyr.,  etc.  —  In  the  closed  tube  yields  neutral  water  and  turns  yellow.  B.B.  fuse^ 
easily,  coloring  the  flame  blue.  B.B.  on  charcoal  g^vee  arsenical  fumes,  and  with  soda  a 
black  magnetic  scoria.    WiUi  the  fluxes  reacts  for  iron.    Soluble  in  hydrochloric  acid 

Obs.  —  Often  associated  with  arsenopyrite.  From  Schwarzenberg.  Saxonv;  Dem- 
bach,  Nassau.  Germany;  Lolling,  Carinthia;  Schlag^nwald,  Bohemia;  Nerchinsk,  SberiA, 
in  fine  crystals;  leek-green,  in  the  Cornish  mines.  From  Congo  Free  State.  From  Obira, 
Japan. 

Occurs  near  Edenville,  N.  Y.^  with  arsenopyrite;  in  Utah,  Tintic  district,  at  the  Mam- 
moth mine  on  enargite.  As  an  mcrustation  on  siliceous  sinter  of  the  Yellowstone  gQrsefs. 
FVom  Cobalt,  Ontario,  Canada. 

Named  from  vKdpdwj  garlic^  alluding  to  the  odor  before  the  blowpipe. 

Vilateite.  Hydrous  iron  phosphate  with  a  little  manganese.  Monoclinic.  H.  —  Z-A, 
G.  B  2 '75.  Color  violet.  Index,  174.  Found  in  pegmatite  at  La  Vilate  near  Cfaante- 
loube.  Haute  Vienne,  France. 

Purpurite.     2(Fe,Mn)P04.HsO.     Orthorhombic(?).    In  small  irregular  masses.     Tiro 
cleavages  at  ri^t  angles.    H.  *  4-4 '5.    G.  —  3*4.    Color  deep  red  or  reddish  purple 
Refractive  index,  1*60-1*65.    Fusible.    Found  at  Kinm  Mt..  Gaston  Co.,  N.  C,  sparingjy 
from  Pala,  San  Diego  Co.,  Cal.,  HiD  City,  S.  D.,  and  Brancnville,  Conn. 

Strengite.  FeP04.2H20.  Crystals  rare;  in  habit  and  angle  near  scorodite;  generally 
in  spherical  and  botryoidal  forms.  G.  »  2*87.  Color  [lale  red.  Optically  -{-,  ^  ^  l'?2. 
From  iron  mines  near  Giessen,  Germany;  also  in  Rockbridge  Co.,  Va.,  with  dufrenite;  irom 
Pala,  Cal. 

Phosphoaiderite.  2FeP04.3}H20.  An  iron  phosphate  near  strengite,  but  with  3iHsO. 
Color  red.    Index  1*73.    From  the  Siegen  mining  district,  Germany;  from  Sardinia. 

Barrandite.  (Al^e)P04.2HtO.  In  spheroidal  concretions,  color  paJe  shades  of  gray. 
Index,  1*57.    From  Bohemia. 

Variscite.  AlP04.2HsO.  Orthorhombic.  Commonly  in  crystalline  aggregates  and 
incrustations  with  reniform  surface.  Color  g^een.  Optically  — .  /3  —  1*556.  Strongly 
pleochroic.  From  Messbach  in  Saxon  Voigtlimd;  Montgomenr  Co.,  Ark.,  on  quartz;  in 
nodular  masses  from  Tooele  Co.,  Utah  (UtahlUe)',  crystahzed  n-om  Lucin,  Utah. 

Lucinite.  Comp.  same  as  for  rartsate,  AlP04.2HsO.  Orthorhombic.  Octahedral 
habit.  Also  compact,  massive.  H.  =  5.  G.  =«  2*52.  Color  0*een.  Indices,  1  "SO-l  -59. 
Found  with  variscUe  at  Utahlite  Hill,  near  Lucin,  Boxelder  Co.,  Utah. 

Callainite.  AlP04.2}HsO.  Massive;  wax-like.  Color  apple- to  emerald-green.  From 
a  Celtic  grave  in  Lockmariaquer,  Brittuiy. 

Zepharovichite.  A1P04.3H20.  Crystalline  to  compact.  Color  yellowish  or  grayish 
white.    From  Trenic  in  Bohemia. 

Palmerite.  HKtAlt(P04)t.7H30.  Amorphous,  pulverulent.  Color  white.  Occurs  as 
a  stratum  in  a  guano  deposit  on  Mte.  Albumo,  Salerno,  Italy. 

Rosi6r6site.  A  hydrous  phosphate  of  aluminium  with  lead  and  copper.  In  stalac- 
tites. G.  »  2*2.  Color  yellow  to  brown.  Index,  1*5.  Isotropic.  Infusible.  Found  in 
abandoned  copper  mine  at  Rosi6res,  Tarn,  France. 

Koninckite.  FeP04.3HiO.  In  small  spherical  aggregates  of  radiating  needles.  Color 
yellow.    From  Richelle,  Belgium. 

Sicklerite.  A  hydrous  iron-manganese  phosphate  with  lithia,  Fe20s.6Mn0.4P|Ot. 
3(Li,H)sO.  In  cleavable  masses.  G.  =  3*46.  Color  dark  brown.  Indices,  1*71-1*75. 
Pleochroic,  yellow  to  orange-red.  Bxa  perpendicular  to  cleavage.  Fusible,  giving  lithium 
flame,    f^om  Pala,  Cal.  «t| 

Salmonsite.  A  hydrous  iron-manganese  phorohate,  FesOs.9Mn0.4PiOt.l4HsO.  Cleav- 
able fibrous  masses.  G.  «  2*88.  Color  buff.  Indices,  1*65-1*67.  Found  at  Pala,  Cal., 
as  alteration  of  kureaulite. 


Acid  Hydrous  PhosphateSi  etc. 

PHARMACOLITE. 

Monoclinic.    Crystals  rare.    Commonly  in  delicate  silky  fibers^  also 
botryoidal,  stalactitic. 

Cleavage:   b  (010)  perfect.    Fracture  mxeven.    Flexible  in  thin  laminas. 
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H.  =  2-25.  G.  =  2*64-273.  Luster  vitreous;  on  6  (010)  inclining  to  pearly. 
Color  white  or  grayish;  frequently  tinged  red.  Streak  white.  Translucent 
to  opaque.     Optically  -.    a  =  r583.    P  =  1589.     y  =  1*594. 

Comp.  —  Probably  HCaA804.2HaO  =  Arsenic  pentoxide  53*3,  lime  25*9, 
water  20*8  =  100. 

Obs.  —  Found  with  arsenical  ores  of  cobalt  and  silver,  also  with  arsenop^rrite;  at 
Andreasberg  in  the  Harz  Mts.,  Germany;  Riechelsdorf  in  Hesse,  Germany;  Joachimstal  in 
Bohemia,  Markirch,  Alsace,  etc.    Named  from  ^apMoucov,  poison, 

Haidingerite.  HCaAs04.HsO.  In  minute  crystal  aggregates,  botryoidal  and  drusy. 
G.  »  2*848.    Color  white.    Index,  1'67.    From  Joachimstal,  Bohemia,  with  pharmacolite. 

Wapplerite.  HCaAs04.3}HiO.  In  minute  crystals;  also  in  incrustations.  Colorless 
to  white.    Found  with  pharmacolite  at  Joachimstal,  Bohemia. 

Brushite.  HCaP04.2HtO.  In  small  slender  monoclinic  prisms;  concretionary  massive. 
Colorless  to  paleyellowish.  /9  »  1*545.  Occurs  in  guano.  Metabnishite,  similarly  asso- 
ciated, is  2HCaP04.3H80.  StoffertUe  is  a  mineral  similar  to  brushite  but  said  to  contain  a 
little  more  water.     From  guano  deposits  on  the  island  of  Mona,  West  Indies. 

Martinite.  HiCa«(P04)4<iHsO.  From  phosphorite  deposits  (from  guano)  in  the  island 
of  Curacoa,  West  Indies. 

Hewettite.  CaO.3VsOt.9H2O.  In  microscopic  needles.  G.  »  2'5-2'6.  Color  deep 
red.  Pleochroic,  light  orange-yellow  to  red.  On  heating  loses  water  changing  color  througn 
shades  of  brown  to  a  bronze.  Easily  fusible.  Found  as  an  alteration  of  TpiUronite  at  Minas- 
ragra,  Peru.    Also  observed  from  Paradox  Valley,  Col. 

Metahewettite.  Comp.  same  as  for  heioettite.  In  minute  tabular  orthorhombic  crvs- 
tals.  On  heating  loses  water  chimging  from  dark  red  to  yellow-brown.  From  Paradox 
Valley,  Col.,  and  at  Thompson's,  Utah. 

Newberjrite.  HMgP04.3HiO.  tn  white  orthorhombic  crystals.  Index,  1'62.  From 
guano  of  Skipton  Caves,  Victoria.  Hannayite,  from  same  locality,  is  a  hydrous  phosphate 
of  ammonium  and  magnesium.  Schertelite.  Mg(NH4)2Hs(P04)s.4H20.  Occurs  in  small 
tabular  crystals  in  hot  guano  deposits  near  Skipton,  southwest  of  Ballarat,  Australia. 

Stercorite.  Microcoemic  salt.  HNa(NH4)P04.4HsO.  In  white  crystalline  masses  and 
nodules  in  guano. 

HureauHte.  HsMn«(P04)4-4H20.  In  short  prismatic  crystals  (monoclinic).  Also 
massive,  compact,  or  imperfectly  fibrous.  Color  yellowish,  orange-red,  rose,  grayiflli. 
Optically  — .  fi  =  1*654.  From  Limoges,  commune  of  Hur^ux,  France.  In  tne  United 
States,  at  BranchviDe,  Conn.;  Pala,  Cal. 

Forbesite.  H2(Ni,Co)sAs90t.8HsO.  Structure  fibro-crystalline.  Color  grayish  white. 
From  Atacama,  Chile. 

Ferrazite.  3(Ba,Pb)0.2Pt04.8HsO.  A  "fava"  found  in  the  diamond  sands  of  Brazil. 
Color  dark  yellowish  white.    G.  »  30-3*3. 

Basic  Hydrous  Phosphates,  etc. 

Isoclasite.  CatPs08.Ca(OH)s.4HtO.  In  minute  white  crystals;  also  columnar.  From 
Joachimstal,  Bohemia. 

Hemafibrite.  MnsAss08.3Mn(OH)t.2HtO.  Commonly  in  spherical  radiated  sroups. 
Color  brownish  red  to  garnet-red,  becoming  black.  From  the  Moss  mine,  Nordmark, 
Sweden. 

EUCHROITE. 

Orthorhombic.  Habit  prismatic  mm'"  110  A  iTO  =  62''  40'.  Cleavage: 
m  (110),  n  (Oil)  in  traces.  Fracture  small  conchoidal  to  imeven.  Rather 
brittle.  H.  =  3-5-4.  G.  =  3-389.  Luster  vitreous.  Color  bright  emerald- 
or  leek-green.    Transparent  to  translucent.    Mean  index,  1  -70. 

Comp.  —  Cu3As208.Cu(OH)j.6HjO  =  Arsenic    pentoxide    34'2,    cupric 

oxide  47-1,  water  187  =  100. 

Obs.  —  Occurs  in  quartzose  mica  slate  at  Libethen  in  Hungary,  in  crystals  of  consider- 
able sixe,  having  much  resemblance  to  dioptase.    Named  from  cvxpoa,  beatUiftd  color. 
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Conichalcite.  Perhaps  (Cu,Ca)aAss08.(Cu,Ca)(OH)2.}H20.  Orthorhombic.  Usually 
reniform  and  massive,  resembling  malachite.  Color  pistachio-green  to  emerald-^^en 
From  Andalusia,  Spain;  MayarTass,  Akmolinsk,  Siberia  (crystals);  Tintic  district,  Utah. 

Bayldonite.  (Pb,Cu)»As808.(Pb,Cu)(OH)i.HjO.  In  mamillary  concretions,  drusy. 
Cblor  green.    From  Cornwall,  England. 

Tagilite.  Cu3P208.Cu(OH)2.2HaO.  In  reniform  or  spheroidal  concretions;  earthy. 
Color  verdigris-  to  emerald-green.    From  the  Ural  Mts. 

Leucochalcite.  Probably  CiuAsfOs.Cu(OH)s.2H20.  In  white,  silky  acicular  crystals. 
From  the  Wilhelmine  mine  m  the  Spessart,  Germany. 

Bartfaite.  3ZnO.CuO.3As20t.2HsO.  In  small  monoclinic  (?)  crvstals.  H.  =  3. 
G.  —  4*19.  Color  grass-green.  Found  in  druses  of  a  dolomite  at  Guchab,  Otavi,  German 
Southwest  Africa. 

Volborthite.  A  hydrous  vanadate  of  copper,  barium,  and  calcium.  In  small  six-sided 
tables;  in  globular  forms.  .  Color  oh ve-green,  citron-yellow.    Index,  1*90.    From  the  Ural 

Mts. 

Hiigelite.  A  hydrous  lead-zinc  vanadate.  Monoclinic.  In  microscopic  hair-like 
crystals.  Color  orange-yellow  to  yellow-brown.  From  Reichenbach  near  Lahr,  Baden, 
Germany. 

ComwaUite.  Cu»As20s.2Cu(OH)2.H20.  Massive,  resembling  malachite  Color  emer- 
ald-green.   From  Cornwall,  England. 

Tyrolite.  Tirolit.  Perhaps  CuaAsa08.2Cu(OH)2.7H20.  Usually  in  fan-shaped  crystal- 
line groups;  in  foliated  aggregates;  also  massive.  Cleavage  peitect,  yielding  soft  thin 
flexible  laminae.  Color  pale  green  inclining  to  sky-blue.  Index^  1  70.  From  Libethen, 
Hungary;  Nerchinsk,  Siberia;  Falkenstein,  Tyrol;  etc.  In  the  Lnited  States,  in  the  Tin- 
tic  district, 'Utah.  Some  analyses  yield  CaCOs,  usually  regarded  as  an  impurity,  but  it 
may  be  essential. 

Spencerite.  Zni(P04)2.Zn(OH)2.3H20.  Monoclinic.  In  radiating  and  reticulated 
crystals.  Cleavages  parallel  to  three  pinacoids.  Color  white.  G.  =  3*12.  H.  =  2'7. 
j8  =  1*61.    Opticmly  — .    From  Hudson  Bay  Mine,  Salmo,  B.  C. 

Hibbenite.  2Zni(P04)2.Zn(OH)2.6iH20.  Orthorhombic.  Tabular  parallel  to  a  (100). 
Cleavages  parallel  to  three  pinacoids.  Color  white.  G.  =3*21.  H.  =  3-7.  Optically  — . 
From  Hudson  Bay  Mine,  Salmo,  British  Columbia. 

CHALCOPHTLLITE. 

Rhombohedral.     Axis  c  =  2761.    cr  0001  A  lOTl  =  72^  2'. 

In  tabular  crystals;    also  foliated    massive;    in 
druses. 

Cleavage:  c  (0001)  highly  perfect;  r  (lOTl)  in 
traces.  H.  =  2.  G.  =  2' 4-2*66.  Luster  of  c  pearly; 
of  other  faces  vitreous  or  subadamantine.  Color 
emerald-  or  grass-green  to  verdigris-green.  Streak 
somewhat  paler  than  the  color.  Transparent  to  translucent.  Optically  — . 
CO  =  1-632.     €  =  1-575. 

Comp.  —  A  highly  basic  arsenate  of  copper;  formula  uncertain,  perhaps 
TCuO.AsaOfi.HHjO. 

Pyr.,  etc.  —  In  the  closed  tube  decrepitates,  yields  much  water,  and  gives  a  residue  of 
olive-green  scales.     In  other  respects  like  olivenite.     Soluble  in  nitric  acid,  and  in  ammonia. 

Obs.  —  From  the  copper  mines  near  Redruth  in  Cornwall ;  at  Sayda,  Saxony ;  Moldawa 
in  the  Banat,  Hungary;  from  Chile.  In  the  United  States,  in  the  Tintic  district,  Utah; 
Bisbee,  Ariz. 

Veszelyite.  A  hydrous  phospho-arsenate  of  copper  and  zinc»  formula  uncertain. 
Occurs  as  a  greenish  blue  crystalline  incrustation  at  Morawitza,  in  the  Banat,  Hungary. 

WAVELLITE. 

Orthorhombic.  Axes  a  :b  :  c  =  0*5049  :  1  :  0*3751.  Crystals  rare.  Usu- 
ally in  aggregates,  hemispherical  or  globular  with  crystalline  surface,  and 
radiated  structure. 
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Cleavage:  p  (101)  and  b  (010)  rather  perfect.  Fracture  uneven  to  sub- 
conchoidal.  Brittle.  H.  =  3-25-4.  G.  =  2-316-2-337.  Luster  vitreous, 
inclining  to  pearly  and  resinous.  Color  white,  passing  into  yellow,  green, 
gray,  brown,  and  black.    Streak  white.    Translucent.    Mean  index,  1*526. 

Comp.  —  4A1P04.2A1(0H),.9H20  =  Phosphorus  pentoxide  35*2,  alu- 
mina 380,  water  26*8  =  100.    Fluorine  is  sometimes  present,  up  to  2  p.  c. 

Pyr.y  etc.  —  In  the  closed  tube  gives  off  much  water,  the  last  portions  of  which  may 
react  acid  (fluorine).  B.B.  in  the  forceps  swells  up  and  splits  into  fine  infusible  particles, 
coloring  the  flame  pale  green.  Gives  a  blue  on  ignition  with  cobalt  solution.  Soluble  in 
hydrocnloric  acid,  and  abo  in  caustic  potash. 

Obs.  —  From  Barnstaple  in  Devonshire,  England;  at  Zbirow  in  Bohemia;  at  Franken- 
berg,  Saxony;  Arbrefontaine,  Belgium;  Montebras,  France;  Minas  Geraes,  Brazil,  etc. 

In  the  l/nited  States  at  the  slate  quarries  of  York  Co.,  Pa.;  White  Horse  Station,  Ches- 
ter Valley  R.  R.,  Pa.;  Magnet  Cove,  Ark. 

Fischerite.  AlP04.Al(OH)3.2}HsO.  In  small  prismatic  crystals  and  in  drusy  crusts. 
Color  green.     Index,  1  '55.    From  Nizhni  Tagilsk  in  the  Ural  Mts. 

Peganite.  AlCP04).Al(OH)s.l}HsO.  Occurs  in  green  crusts,  of  small  prismatic  cr3rs- 
tals,  at  Striegis,  near  Freiberg,  Saxony. 

TURQUOIS.    Turquoise. 

Triclinic.  Crystals  minute  and  in  angle  near  those  of  chaicosidente  with 
which  it  may  be  isomorphous.  Usually  massive;  amorphous  or  cryptocrystal- 
line.  Reniform,  stalactitic,  or  incrusting.  In  thin  seams  and  disseminated 
grains.    Also  in  rolled  masses. 

Cleavage  in  two  directions  in  crystals ;  none  in  massive  material.  Fracture 
smaU  conchoidal.  Rather  brittle.  H.  =  5-6.  G.  =  2-&-2*83.  Luster  some- 
what waxy,  feeble.  Color  sky-blue,  bluish  green  to  apple-green,  and  greenish 
gray.  Streak  white  or  greenish.  Feebly  subtranslucent  to  opaque.  Opti- 
cally +.     a  =  1-61.     fi  =  1-62.     7  =  1-65. 

Comp.  —  A  hydrous  phosphate  of  aluminium  and  copper  CuO.SAljOg. 
2P2O6.9H2O  or  perhaps  H6(CuOH)[Al(OH)2]6(P04)4  =  Phosphorus  pentox- 
ide 3412,  alumina  36-84,  cupric  oxide  9-57,  water  19-47  =  100. 

Pcnfield  considers  that  the  H,(CuOH)  and  Al(OH)s  mutually  replace  each  other  in  the 
orthophosphoric  molecule. 

Pyr.,  etc.  —  In  the  closed  tube  decrepitates,  yields  water,  and  turns  brown  or  black. 
B.B.  in  the  forceps  becomes  brown  and  assumes  a  glassv  appearance,  but  does  not  fuse; 
colors  the  flame  green;  moistened  with  hydrochloric  acid  the  color'  is  at  first  blue  (copper 
chloride).    With  the  fluxes  reacts  for  copper.    Soluble  in  hydrochloric  acid. 

Obs.  —  The  highly  prized  oriental  turouois  occurs  in  narrow  seams  (2  to  4  or  even  6  mm. 
in  thickness)  or  in  irregular  patches  in  tne  brecciated  portions  of  a  porphyritic  trachyte 
and  the  surrounding  clay  slate  in  Persia,  not  far  from  NishdpOr,  Khorassan;  in  the  Megara 
Valley,  Sinai;  in  the  Kara-Tube  Mts.  in  Turkestan,  50  versts  from  Samarkand. 

In  the  United  States,  occurs  in  the  Los  Cerillos  Mts.,  20  m.  S.E.  of  Santa  F6,  New 
Mexico,  in  a  trachytic  rock,  a  locality  long  mined  by  the  Mexicans  and  in  recent  years  re- 
opened and  extensively  worked;  in  the  Burro  Mts.,  Grant  Co.,  N.  M.;  pale  green  variety 
near  Columbus,  and  in  Lincoln  Co.,  Nevada.  In  crystals  near  Lynch  Station,  Campbell 
Co.,  Va. 

Natiu>al  turquois  of  inferior  color  is  often  artificially  treated  to  give  it  the  tint  desired. 
^^or"Ovrr,  many  r'^onr^  ":hich  nre  of  a  fine  blue  when  first  found  retain  the  color  only  ?n 
long  as  they  are  kept  moist,  and  when  dry  they  fado,  bocome  a  dirty  green,  and  are  of  little 
value.  Much  of  the  turquois  (not  artificial)  used  in  jewelry  in  former  centuries,  as  wf  II 
as  the  present,  and  that  described  in  the  early  works  on  minerals,  was  bone-turquais  (called 
also  odontolite,  from  o^ov-^  tooth),  which  is  fossil  bone,  or  tooth,  colored  by  a  phosphate  of 
iron.  Its  organic  origin  becomes  manifest  under  a  microscope.  Moreover,  true  turquois. 
when  decomposed  by  hydrochloric  acid,  gives  a  fine  blue  color  with  ammonia,  which  is  not 
true  of  the  odontolite. 

Use.  —  As  an  ornamental  material. 
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Wardite.  2Al1Ot.PsOi.4H2O.  Forms  light  green  or  bluish  green  concretionary  incms- 
tations  in  cavities  of  nodular  masses  of  variscite  from  Cedar  Valley,  Utah.  H.  =  5. 
G.  =  277. 

Spharite.  Perhaps  4AlP04.6Al(OH)i.  In  globular  drusy  concretions.  Color  |i^t 
gray,  bluish.    From  near  St.  Benigna,  Bohemia. 

Liskeardite.  (Al,Fe)As04.2(A],Fe)(OH)3.5HsO.  In  thin  incrusting  layers,  white  or 
bluish.    From  laskeard,  CornwaU,  England. 

Evansite.  2AlP04.4Al(OH)«.12HsO.  Massive;  reniform  or  botryoidal.  Colorless,  or 
milk-white,  n  »»  1*485.  From  Zsetcsnik,  Hungary;  Gross-Tresny,  Moravia;  Tasmania; 
Coosa  cosdfield,  Ala.;  Goldburg,  Idaho. 

CcERULBOLAcrrrE.  Perhaps  3AlsOt.2P8O|.10HsO.  Crypto-crystalline;  milk-whit«  to 
light  copper-blue.  From  near  Katzenellnbogen,  Nassau,  Germany;  also  East  Whiteland 
Township,  Chester  Co.,  Pa. 

Augelite.  2AliOs.PsOf.3HsO.  In  tabular  monoclinic  crystals  and  massive.  G.  =  2'7. 
Colorless  to  white.  OpticaUy  +.  ^  «  1*576.  From  Bolivia;  from  the  iron  mine  of 
Westan&,  Sweden.  The  same  locality  has  also  yielded  the  three  following  aluminium 
phosphates. 

Berlinitb.  2AlsOi.2PsO».HsO.  Compact,  massive.  G.  »  2*64.  Colorless  to  grayish 
or  rose-red. 

TROLLErrE.  4AlgO«.3PsO».3HsO.  Compact,  indistmcUy  deavable.  G.  =  3*10.  Color 
pale  green. 

Attacoltte.  Ps06,AlcOs,MnO,CaO,HsO,  etc.;  formula  doubtful.  Massive.  G.b3-09. 
Color  salmon-red. 

MiNASFTE.    An  aluminium  phosphate.    In  rolled  pebbles  from  Brazil. 

Vashboyitb.  4AM)i.3PiO».30H,O.  Massive.  H.=  2-3.  G.  «  1*96.  Color  white 
or  yellow  to  rust-brown  when  colored  by  iron  oxide.  From  iron  mine  at  Vashegy  in  Comi- 
tat  Gdm6r,  Hungary. 

Soumansite.  A  fluo-phosphate  of  aluminium  and  sodium  with  water.  TetragonaL 
Pyramidal  habit.  H.  =  4*5.  G.  «  2*87.  Colorless.  Indices,  l-56-l'66.  OpticaUy  +. 
Fusible  with  intumescence.    From  Montebras  in  Soumans,  Creuse,  France. 
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PHARMACOSIDERITE. 

Isometric-tetrahedral.    Commonly  in  cubes;    also  tetrahedral.    Rarely 
granular. 

Cleavage:  a  (100)  imperfect.    Fracture  uneven.    Rather  sectile.    H.  == 

2*5.  G.  =  2'&-3.  Luster  adamantine  to  greasy,  not 
very  distinct.  Color  olive-,  grass-  or  emerald-green, 
yellowish  brown,  honey-yellow.  Streak  green  to 
brown,  yellow,  pale.  Subtransparent  to  subtranshi- 
cent.    n  =  1*676.     Pjrroelectric. 

Comp.  —  Perhaps  6FeAs04.2Fe(OH),.12H20  = 
Arsenic  pentoxide  43*1,  iron  sesquioxide  40*0,  water 
16*9  =  100.    Some  varieties  contain  KjO. 

Pyr.,  etc.  —  Same  as  for  scorodite. 

Obs.  —  Obtained  at  the  mines  in  Cornwall.  England,  with 
ores  of  copper;  at  Schneeberg  and  Schwarzenber^,  Saxony;  at 
Konigsberg,  near  Schemnitz,  Hungary.  In  Utah,  at  the  Mammoth  mine,  Tintic  district. 
Named  from  <t>apfiaK0Vf  poison,  and  aldijpof,  iron. 

Ludlamite.  2FesP208.Fe(OH)s.8H20.  Occurs  in  small  green  tabular  crystals  (mono- 
clinic),  near  Truro,  Cornwall,  England. 

Cacozenite.  FeP04.Fe(OH)3.4}H30.  In  radiated  tufts  of  a  3rellow  or  brownish  color. 
Indices,  1*5^1 '61.    From  near  St.  Benigna  in  Bohemia;  Lancaster  Co.,  Pa. 

Xanthoxenite.  Hydrous  ferric  phosphate  with  FeO,  MnO,  CaO,  MgO,  Al^Oi.  Mono- 
clinic.  In  thin  plates.  Yellow.  Pleochroic.  G.  » 2'84.  From  Htttmerkobel,  Baben- 
etein,  Bavaria. 
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Beraimite.  Perhaps  2FeP04.Fe(OH)s.2}Hs(X  Commonly  in  druses  and  in  radiated 
^obules  and  crusts.  Color  reddish  brown  to  dark  hyacinth-red.  fVom  St.  Benigna,  near 
Seraun,  in  Bohemia.  From  Hellertown,  Pa.  EleonoriU,  in  tabular  crystals,  is  the  same 
mineral.    From  the  Eleonore  mine  near  Giessen,  Germany. 

Globosite,  Picite,  DiIIlvaxtxite,  Ksbtbchenite,  Oxykertschenitb,  are  other 
hydrated  ferric  phosphates. 

CHnJ)RENITE. 

Orthorhombic.    Axes  a  :  6  :  c  =  07780  :  1  :  0-52575. 

mm'",  110  A  iTO  -  76*^  46'.  rr'^'y  131  A  l3l  =  105**    y. 

rr",        131  A  131  -  39"  47'.  ««',     121  A  121  -    49'  66J'. 

Only  known  in  crystals.  Cleavage:  a  (100)  imperfect.  Fracture  uneven. 
H.  ™  4*5-5.  G.  =  3'l&-3-24.  Luster  vitreous  to  resinous.  Color  yellowish 
white,  pale  yellowish  brown,  brownish  black.  Streak  white  to  yellowish. 
Translucent.    2E  =  74"^.    Optically  -.    a  =  1-631.    /8  =  1-660.    y  =  r664. 

Comp.  —  In  general  2AlP04.2Fe(OH)2.2H,0.  Phosphorus  pentoxide 
30'9,  alumina  22*2,  iron  protoxide  31*3,  water  15*6  =  100.  Manganese 
replaces  part  of  the  iron  and  it  hence  graduates  into  eosphorite. 

Pyr.,  etc.  —  In  the  closed  tube  gives  off  neutral  water.  B.B.  swells  up  into  ramifica- 
tions, and  fuses  on  the  edges 'to  a  black  niass,  coloring  the  flame  pale  green.  Heated  on 
charcoal  turns  black  and  becomes  magnetic.  With  soda  gives  a  reaction  for  manganese. 
With  borax  and  salt  of  phosphorus  reacts  for  iron  and  manganese.  Soluble  in  nydro- 
chloric  acid. 

Obs.  —  From  Tavistock,  Devonshire,  England;  from  Greifenstein,  Germany.  In 
United  States,  at  Hebron,  Me. 

Krettzbergite.  Aluminium  phosphate  with  Fe,Mn,H^-  Orthorhombic.  White  to 
yellow.    From  the  Kreuzberg,  Pleystein,  Bavaria. 

Eosphorite.  Form  and  composition  as  for  childrenite,  but  containing  chieflv  man- 
ganese mstead  of  iron.  In  prismatic  crystals;  also  massive.  Color  rose-pink,  yellowish, 
etc.    fi  »  1*65.    From  Branchville,  Conn. 

liazapflite.  CaiFei(A804)4.2FeO(OH).5HtO.  In  slender  prismatic  crystals.  G.  » 
3'567-3'582.    Color  black.    From  Masapil,  Mexico. 

YuKONiTE.  (Ca«,Fei'")(As04)i.2Fe(OH)i.5HiO.  Amorphous.  In  irregular  concre- 
tions. H.  =  2-3.  G.  =  2*8.  Color  nearly  black  with  brown  tinge.  Decrepitates  at  low 
heat,  also  when  immersed  in  water.  Easily  fusible  with  intumescence.  From  Tagish  Lake, 
Yukon  Territory. 

Caldoferrite.  CasFei(P04)4.Fe(OH)i.8H20.  Occurs  in  yellow  to  green  nodules  in  clay 
at  Battenberg,  Rhenish  Bavaria,  Germany. 

Boriddte.  Perhaps  CaaFes(P04)4.12Fe(OH)i.6HtO.  Reniform  massive:  compact. 
Color  redctish  brown.  From  Leoben  in  Styria;  Bohemia.  FovcMrUe,  possibly  same  as 
borichite  from  Fouch^res,  Aube,  France. 

Eguefite.  A  hydrous  basic  phosphate  of  ferric  iron  with  calcium  and  aluminium. 
Amorphous.  In  small  nodules  with  fibrous-lamellar  structure.  IndeTC,  1*65.  Fusibility  1. 
Easily  soluble  in  hydrochloric  acid.    Found  embedded  in  clay  from  Eguef,  Sudan. 

RiCHELLiTE.  Perhaps  4FePtO».FeiOFi(OH)i.36HiO.  Massive,  compact  or  foliated. 
Color  yellow.    From  Richelle,  Belgium. 

--,  WO 

LIROCONITE. 

Monoclinic.  Axes  a\h:c^  1-3191  :  1  :  1*6808;  /8= 
88°  33'. 

mm"'    110  A  no  «  105'  Sy.        me,    110  A  Oil  =  46'  lO'. 
e^.       Oil  A  Oil  -  118'  2^.         m'c,  TlO  A  Oil  -  47'  24'. 

Crystals  resembling  rhombic  octahedrons.     Rarely 
granular.    Cleavage:    m (110),  e  (Oil)  indistinct.    Frac- 
ture  subconchoidal   to  uneven.      Imperfectly    sectile. 
H.  =  2-2-5.    G.  =  2-882-2-985.    Luster  vitreous,  inclining  to  resinous.    Color 
and  streak  sky-blue  to  verdigris-green. 
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Ccmp»  —  A  hydrous  arsenate  of  alumiiiiiim  and  copper,  formula  uncertain: 
analyses  correspond  nearly  to  Cu«Al(As04)ft.3CuAl(OH)»^H]0  =  Arsenic 
pentoxide  28-^,  alumina  10-3,  cupric  oxide  35-9,  wato-  24-9  —  100.  Phoe- 
phorus  replaces  part  of  the  arsenic. 

Pyr«y  etc.  —  In  the  dosed  tube  gives  much  water  and  turns  olhre-green.     B3.  cr&rk.-^ 

ri,  but  does  not  decrepitate;  fuses  less  readfl^  than  direnite  to  a  dark  gray  sta^:  r.r, 
coal  cracks  open,  deflagrates,  and  giTcs  reactions  like  oUTcnite.    Soluble  in  nitiic  actl 
OtMk  —  From  Cornwall;  Herrengrund  in  Hungary. 

Chenevizite.  Periiaps  CusCFeOtiAssOi-SHiO.  Massive  to  compact.  Color  dark  grefn 
to  greenish  ydlow.    From  Cornwall;  Utah. 

HnrwooDrrE.  A  hydrated  phosphate  of  aluminium  and  coppa.  In  botryoidal  lobu- 
lar masses.    Color  turquois-blue.     From  Cornwall. 

Cemleite.  Cu0.2AliOs.AiiiOA,8HtO.  Compact,  made  up  of  very  minute  crj-stal*. 
G.  «  2 '8.  Color,  turquoi84>lue.  Soluble  in  acids.  From  Huanaco,  Taltal  province. 
Chile. 

Chaleotiderite.  Cu0.3Fe2(>a.2P/)».8HtO.  Probably  isomorphous  with  turauois  and 
should  have  9HiO.  In  sheaf-Jike  crystalline  groups,  as  incrustations.  Color  li|^t  siskin- 
green.     Indices,  l*83-r93.     From  Cornwall. 

Andbewsite,  also  from  ComwaU,  is  near  chalcosiderite. 

Keboeite.  A  hydrated  phosphate  of  aluminium,  zinc,  etc.  Massive.  G.  =  2*.^. 
From  Galena,  8.  D. 

Goyazite.  Perhaps  CasAlioPsOs3.9H20.  Strontia  has  been  found  in  the  mineral  and 
it  is  possible  that  it  is  identical  with  hamlinite.  In  small  rounded  grains.  Color  yeOowish 
white.     From  Minas  Geraes,  Brazil. 

RoschMte.  (Mn,Fe,Ca)>Al(OH)(P04)s.2HiO.  Monodinic.  From  Ehrensfriedersdorf , 
Saxony. 

Uranite  Group 

w 

TORBBRNITE.    Copper  Uranite. 

Tetragonal.  Axis  c  =  2*9361.  Crystals  usually  square  tables,  sometimes 
very  thin,  again  thick;  less  often  pyramidal.     Also  foUated,  micaceous. 

Cleavage:  c  (001)  perfect,  micaceous.  Laminse  brittle.  H.  =  2-2-5. 
G.  =  3*4-3 '6.  Luster  of  c  pearly,  other  faces  subadamantine.  Color  emerald- 
and  grass-green,  and  sometimes  leek-,  apple-,  and  siskin-green.  Streak  paler 
than  the  color.  Transparent  to  subtranslucent.  Optically  uniaxial ;  negative. 
«  =  1-61. 

Comp.  —  A  hydrous  phosphate  of  uranium  and  copper,  Cu(U02)»P208. 
I2H2O  =  Phosphorus  pentoxide  141,  uranium  trioxide  56*6,  copper  7"9,  water 
21*4  =  100.     Arsenic  may  replace  part' of  the  phosphorus. 

Pyr.y  etc.  —  In  the  closed  tube  yields  water.  Fuses  at  2*5  to  a  blackish  mass,  and 
colors  the  flame  green.  With  salt  of  phosphorus  dves  a  green  bead,  which  wth  tin  on  char- 
coal becomes  on  cooling  opaoue  red  (copper),  with  soda  on  charcoal  gives  a  globiUe  of 
copper.    Soluble  in  nitric  acid. 

Obs.  —  From  Germany  at  Schneeberg,  etc.,  Saxony;  Reichenbach,  Baden;  at 
Joachimstal,  liohemia;  Ambort,  Puy-de-D6me,  FVance.  From  Mt.  Painter,  South 
Australia.  The  material  from  Gunnis  Lake,  Cornwall  corresjjonds  to  Cu(U02)2P208.8HjO 
and  is  the  same  as  the  first  dehydration  product  of  torbemite,  which  has  been  caUed 
mela4orbernite  /.    G.  -  3-68.    w  =»  1*623.     «  =1-625. 

Zeuaerite.  ('iinK)..)..*.^:Os-8HnO.  In  tabuhir  crystals  resembling  torbemite  in  form 
and  color.  G.  «  3'2.  w  =  104.  From  Schneoberg,  Saxony ;  near  Joachimstal,  Bohemia; 
Cornwall. 

AUTUNITE.     Lime  [Trani*c. 

Orthorhomhic.  In  thin  tabular  crystals,  nearly  tetragonal  in  form  and 
deviating  but  slightly  from  torbemite  in  angle;  also  foliated,  micaceous. 
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Cleavfi^e:  basal,  eminent.  Lamina  brittle.  H.  =  2-2*5.  G.  =  3-06- 
3-19.  Luster  of  c  (001)  pearly,  elsewhere  subadamantine.  Color  lemon-  to 
sulphur-yellow.  Streak  yellowish.  Transparent  to  translucent.  Optically 
— .     Ax.  pi.  II  6  (010).    Bx  ±  c  (001).    a  =  1-553.    fi  =  1-575.    7  =  1577. 

Comp.  —  A  hydrous  phosphate  of  uranium  and  calcium,  probably  analo- 
gous to  torbemite,  Ca(UOt)aP208.8H20  or  CaO.2UO8.P2O6.8H2O  =  Phos- 
phorus pentoxide  15-5,  uranium  trioxide  62-7,  lime  6-1,  water  15-7  =  100. 

Some  analyses  ^ve  10  and  others  12  molecules  of  water,  but  it  is  not  certain  that  the 
additional  amount  is  essential. 

Pyr.,  etc.  —  Same  as  for  torbemite,  but  no  reaction  for  copper. 

Obs.  —  With  uraninite,  as  in  Germany  at  Johannseorgenstaat  and  Falkenstein;  in  Italy 
at  Lurisia,  Cuneo;  in  Madagascar;  at  Tinh-Tuc,  Tongking,  China:  from  Mt.  Painter, 
South  Australia.  In  the  United  States,  at  Middletown  and  Branchville,  Conn.  In  N.  C, 
at  mica  mines  in  Mitchell  Co.;  in  Alexander  Co.;  Black  HiUs,  S.  D. 

Bassetite.  Composition  probably  the  same  as  atUunite,  Monoclinic.  /9  =  89°  17'. 
Twinned;  tw.  pi.  h  (010).  Cleavage  parallel  to  three  pinacoids.  G.  =  3*10.  Color  yel- 
low. Transparent.  Indices,  1-57-1*58.  From  the  Basset  mines,  Cornwall.  Previously 
considered  to  be  aiUunite, 

Uranospinite.  Probably  Ca(UOs)tAst08.8HtO.  In  thin  tabular  orthorhombic  crystals 
rectangular  in  outline.    Color  siskin-green,    fi  «  1*63.    From  near  Schneeberg,  Saxony. 

Uranodrdte.  Ba(U03)sPi08.8H|0.  In  crvstals  similar  to  autunite.  Color  yellow- 
green,    fi  »  1*62.    From  Falkenstein,  Saxon  Voigtland,  Germany. 

Camotite.  Approximately,  KiO.2Ui02.VaOi.3HfO.  Orthorhombic.  In  the  form  of 
powder,  sometimes  in  crystalline  plates  1 1  c  (001 ) .  Basal  cleavage.  Color  yellow.  /9  »  1  '86. 
Occurs  as  a  yellow  crystalline  powder,  or  in  loosely  cohering  masses,  intimately  mixed  with 

?[uartzose  material.  It  is  found  in  large  quantities  in  western  Colorado  and  eastern  Utah, 
s  mined  there  not  only  for  its  uranium  ana  vanadium  content  but  also  for  the  small  amount 
of  radium  it  contains.  Noted  also  from  Radium  Hill,  near  Olary,  South  Australia,  and  from 
near  Mauch  Chunk,  Pa. 

Tyuyamunite.    CaO.2UOj.V2Oft.4H1O.    Perhaps    a     calcium     camotite.    Found    at 
Tyuya-Muyim,  Fergana,  Russian  Central  Asia. 

Uranospafhite.  A  hydrated  uranyl  phosphate.  Orthorhombic,  pseudo-tetragonal.  In 
elongated  tabular  crystals.  Cleavages  parallel  to  the  three  pinacoids.  Color  yellow  to 
pale  green.    From  Iledruth,  Cornwall.    Previously  considered  to  be  autunite. 


Phosphuranyllte.  (U02)sPt08.6HtO.  As  a  pulverulent  incrustation.  Color  deep 
4emon-yellow.    From  Mitchell  Co.,  N.  C. 

TrSgerite.  (U02)8Ast08.12H20.  In  thin  druses  of  tabular  crystals.  Probably  tetrago- 
nal.   Color  lemon-yeUow.    From  near  Schneeberg,  Saxony. 

Walpurgite.  Probably  Biio(UOa)s(OH)M(As04)4.  In  thin  yellow  crystals  resembling 
gypsum.     G.  —  5'76.    Color  yellow.     Index,  2*00.     From  near  Schneeberg,  Saxony. 

Rhagite.  Perhaps  2BiAs04.3Bi(OH)s.  In  crystalline  aggregates.  Color  yellowish 
green,  wax-yeUow.    From  near  Schneeberg,  Saxony. 

Arseno-bismite.  a  hydrous  bismuth  arsenate.  In  cryptocrystalline  aggregates. 
Color  yellowish  green  with  tinge  of  brown.  G.  =  5*7.  Index,  1'6.  Found  at  Mammoth 
mine,  Tintic  district,  Utah. 

Mizite.  A  hydrated  basic  arsenate  of  copper  and  bismuth,  formula  doubtful.  In 
acicular  crystab;  as  an  incrustation.  Color  Kreen  to  whitish.  From  Joachimstal,  Bo- 
hemia; Wittichen,  Baden;  Tintic  district,  Utah. 

Antimonates ;  also  Antimonites,  Arsenites. 

A  number  of  antimonates  have  been  included  in  the  preceding  pages 
among  the  phosphates,  arsenates,  etc. 

Bmdheimite.  A  hydrous  antimonate  of  lead.  Amorphous,  reniform ;  also  earthy  or 
incrusting.    Color  gray,  brownish,  yellowish.    Index,  2*0.     A  result  of  the  decomposition 
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Comp.  —  HRBOs,  where  R  =  Mn,  Zn  and  Mg  =  Boron  trioxide  34  1, 
manganese  protoxide,  41*5,  magnesia  15*6,  water  8*8  =  100.  Here  Mn 
(+  Zn)  :  Mg  =  3  :  2. 

Pyr.,  etc.  —  In  the  closed  tube  darkens  in  color  and  yields  neutral  water.  If  turmerir 
paper  is  moistened  with  this  water,  and  then  with  dilute  hydrochloric  acid,  it  assumes  a 
reel  color  (boric  acid).  In  the  forceps  fuses  in  the  flame  of  a  candle  (F.  -  2),  and  B.B.  in 
O.F.  yields  a  black  crystalline  mass,  colorins  the  flame  intensely  yellowish  green.  With 
the  fluxes  reacts  for  manganese.    Soluble  in  hydrochloric  acid. 

Obs.  —  Found  on  Mme  Hill,  Franklin  Furnace,  Sussex  Co.,  N.  J.,  with  franklinite. 
zincite,  willemite,  etc.  An  intimate  mixture  of  zincite  and  calcite,  not  uncommon  at  Min^ 
Hill,  is  often  mistaken  for  sussexite,  but  the  ready  fusibility  of  the  genuine  mineral  is  dx^ 
tinctive. 

Ludwigite.  Perhaps  3MgO.B]03.FeO.FesOt.  Orthorhombic.  In  finely  fibrous  masses. 
G.  =  3*91-4 -02.  Color  blackish  green  to  nearly  black.  Index,  1*86.  Strongly  pleochroic. 
From  Morawitza,  Hungary.    Collbranite  from  Korea  is  ludwigite. 

VoNSENiTE.  3(Fe,Mg)O.Bj08.FeO.FejOj.  Similar  to  ludwigite  with  more  ferrous  iron. 
Riverside,  Cal. 

Magnesioludwigite.  SMgO.BsOa.MgO.FesOs.  From  Mountain  Lake  mine,  south  of 
Brighton,  Utah. 

PuuUdolite.  3MgO.B]Os.MnO.Mn20s.  In  small  rectangular  crystals.  H.  =  6. 
G.-  3*881.    Luster  metallic.    Color  black.    From  L&ngban,  Sweden. 

NordenskiSldine.  A  calcium-tin  borate,  CaSn(BOOs.  In  tabular  rhombohedral 
crystab.  H.  =  5*5-6.  G.  =  4*20.  Color  sulphur-yellow.  From  the  Langesund  fiord, 
Norway. 

Jeremejevite.  Eichwaldite.  Aluminium  borate,  AlBOs.  In  prismatic  hexagonal 
crystals.  H.  =  6*5.  G.  «  3*28.  Colorless  to  pale  yellow.  Index,  1*64.  From  Mt, 
Soktuj,  Adun-Chalon  range  in  Eastern  Siberia. 

Hambergite.  Bes(0H)B03.  In  grayish  white  orthorhombic  prismatic  crystals. 
H.  =  7*5.  G.  =  2-347.  Optically  +.  ^  =  1*588.  From  Langesund  fiord,  southern  Nor- 
way; various  localities  in  Madagascar. 

Szaibelyite.  2MgftB40ii.3HsO.  In  small  nodules;  white  outside,  yellow  within.  From 
Rezbdnya,  Hungary. 

BORACITE. 

Isometric  and  tetrahedral  in  external  form  under  ordinary  conditions,  but 
in  molecular  structure  orthorhombic  and  pseudo-isometric;  the  structure 
becomes  isotropic,  as  required  by  the  form,  only  when  heated  to  265^.  (See 
Art.  429.) 
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Habit  cubic  and  tetrahedral  or  octahedral;  also  dodecahedral.  Crystals 
usually  isolated,  embedded;  less  often  in  groups.  Faces  o  (111)  bright  and 
smooth,  0,  (Til)  dull  or  uneven. 

Cleavage:  o,  o^  in  traces.  Fracture  conchoidal,  uneven.  Brittle.  H.  =  7 
in  crystals.  G.  =  2*9-3.  Luster  vitreous,  inclining  to  adamantine.  Color 
white,  inclining  to  gray,  yellow  and  green.    Streak  white.    Subtransparent  to 


BORATES  621 

translucent.  Commonly  shows  double  refraction,  which,  however,  disappears 
upon  heating  to  265°,  when  a  section  becomes  isotropic.  Refractive  index, 
n  =  1-667;  7  -  «  =  00107. 

Strongly  pyroelectric,  the  opposite  polarity  corresponding  to  the  position 
of  the  +  and  —  tetrahedral  faces  (see  pp.  306,  307).  The  faces  of  the  dull 
tetrahedron  o^  (111)  form  the  analogous  pole,  those  of  the  polished  form  0 
(111)  the  antilogous  pole. 

Comp.  —  MgTCliBieOao  or  6MgO.MgCl2.8B20s  =  Boron  trioxide  62-5, 
magnesia  31-4,  chlorine  7*9  =  101*8,  deduct  (0=  CI)  1*8  =  100. 

Var.  —  1.  Ordinary.  In  crystals  of  varied  habit.  2.  Massivey  with  sometimes  a  sub- 
columnar  structure;  slassfuriite  of  Rose.  It  resembles  a  fine-grained  white  marble  or 
granular  limestone.  ParcLsUe  of  Volger  is  the  plumose  interior  of  some  crystals  of  boracite. 
3.   EisensiassfuTtile  contains  some  Fe. 

Pyr.,  etc.  —  The  massive  variety  gives  water  in  the  closed  tube.  B.B.  both  varieties 
fuse  at  2  with  intumescence  to  a  white  crystalline  pearl,  coloring  the  fiame  green;  heated 
aft^r  moistening  with  cobalt  solution  assumes  a  deep  pink  color.  Mixed  with  oxide  of 
copper  and  heated  on  charcoal  colors  the  flame  deep  azure-blue  (copper  chloride).  Soluble 
in  hydrochloric  acid. 

Alters  very  slowly  on  exposure,  owing  to  the  magnesium  chloride  present,  which  takes 
up  water.  It  is  the  frequent  presence  of  this  deliquescent  chloride  in  the  massive  mineral, 
thus  originating,  that  led  to  the  view  that  there  was  a  hydrous  boracite  (stassfurtite). 
Parasite  of  Volger  is  a  result  of  the  same  kind  of  alteration  in  the  interior  of  crystals  of 
boracite;  this  alteration  giving  it  its  somewhat  plumose  character,  and  introducing  water. 

Obs.  —  Observed  in  beds  of  anhydrite,  gypsum  or  salt.  In  crystals  in  Germany  at 
Kalkberg  and  Schildstein  in  LUnebur^,  Hannover;  at  Segeberg,  near  I^el,  in  Holstein; 
massive,  or  as  part  of  the  rock,  also  m  crystals,  at  Stassfurt,  Prussia;  at  Limeville,  La 
Meurthe,  France. 

Ascharite.  A  hydrous  magnesium  borate.  In  white  lumps  wuth  boracite.  G.  =  2*7. 
Index,  1*54.  From  Aschersleben  and  Neustassfurt,  Germany.  Patemoite.  A  similar 
mineral  from  Sicily. 

Rhodizite.  A  borate  of  aluminium  and  potassium,  with  csBsium  and  rubidium.  Iso- 
metric-tetrahedral;  in  white,  translucent  dodecahedrons.  H.  =  8.  G.  =  3*41.  n  =  1*69. 
Found  on  red  tourmaline  from  near  Ekaterinburg,  Ural  Mts.;  from  Madagascar. 

Warwickite.  (Mg,  Fe)iTiBa08.  In  elongated  prismatic  crystals.  G.  =  3'36.  Color 
dark  brown  to  dull  black.     From  EdenviUe,  N.  Y. 

Howlite.  A  silico-borate  of  calcium,  H*  CaaBsSiOu.  In  small  white  roimded  nodules; 
also  earthy.     From  Nova  Scotia;  Lang,  Los  Angeles  Co.,  and  in  San  Bernardino  Co.,  Cal. 

Lagonite.     Fe1Os.3B2O3.3H2O.     An  incrustation  at  the  Tuscan  lagoons,  Italy. 

Larderellite.     (NH4)iBioOi6.5HtO.     From  the  Tuscan  lagoons,  Italy. 

COLEMANITE. 

Monoclinic.     Axes  a  :b  :c  =  07748  :  1  :  0-5410;^/3  =  69°  51'. 

Crystals  usually  short  prismatic  (mm'"  110  A  110  =  72°  4').  Massive 
cleavable  to  granular  and  compact. 

Cleavable:  b  (010)  highly  perfect;  c  (001)  distinct.  Fracture  uneven  to 
subconchoidal.  H.  =  4-4*5.  G.  =  2*42.  Luster  vitreous  to  adamantine, 
brilliant.  Colorless  to  milky  white,  yellowish  white,  gray.  Transparent  to 
translucent.     Optically  +.     a  =  1586.     /3  =  1592.     7  =  1-614. 

Comp.  —  Ca2B60ii.5H20,  perhaps  HCa(B02)s.2H20  =  Boron  trioxide 
50-9,  lime  272,  water  21*9  =  100. 

Pyr.  —  B.B.  decrepitates,  exfoliates,  sinters,  and  fuses  imperfectly,  coloring  the  flame 
yellowish  green.    Soluble  in  hot  hydrochloric  acid  with  separation  of  boric  acid  on  cooling. 

Obs.  —  First  discovered  in  Death  Valley,  Inyo  Co.,  Cal.;  later  in  Calico  district,  Smi 
Bernardino  Co.  Neocolemanite  from  Lang,  Los  Angeles  Co.,  Cal.,  is  identical  with  cole- 
manite. 

Priceitb.  Near  colemanite.  Massive,  friable  and  chalky.  Color  snow-white.  From 
Curry  Co.,  Oregon.  Pandermite  is  •  similar;  in  compact  nodules  from  Asia  Minor; 
Argentina. 
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Inyoite.  2Ca0.3BsOs.l3H|0.  Monoclinic.  In  large  tabular  ciyBtals.  Cleavai^p, 
c  (001).  H.  =  2.  G.  =  1*87.  Indices,  1-49-1 '52.  Decrepitates  and  fuses  with  intu- 
mescence, giving  green  flame.  Largely  altered  into  meyerhofferite.  From  Mt.  Bl&nco  dis- 
trict, on  Furnace  Creek,  near  Death  Valley,  Inyo  Co.,  Cal.     Associated  with  colemaniu. 

Meyertiofferite.  2CaO.3BsO3.7H3O.  Triclinic  crystals  prismatic,  often  tabular  paraiU  i 
to  a  (100).  Fibrous.  Cleavage,  6  (010).  H.  =2.  G.  =  212.  Colorless  to  whit«.  Irr- 
dices,  1  '56-1  '56.  Fuses  without  decrepitation  but  with  intumescence.  Found  with  inyoiu 
(which  see)  as  an  alteration  product. 

Pinnoite.  MgBt04.3HsO.  Tetragonal-pyramidal.  Usually  in  nodules,  radiated  fibrous. 
G.  «  2*29.    Color   sulphur-   or   straw-ydlow.     w  =  1*56.     From     Stassfurt,    Germany. 

Heintzite.  Hintzeite.  Kaliborite.  A  hydrous  borate  of  magnesium  and  potassium. 
In  small  monoclinic  crystals,  sometimes  aggregated  together.  H.  —  4-5.  G.  «  2  13. 
Colorless  to  white.    /3  —  1'525.     From  Leopoldshall,  Stassfurt,  Germany. 

Hulsite.  12(Fe,Mg)0.2Fei03.l8nOi.3BtO,.2H»0.  Orthorhombic  (?)  as  small  crystals 
or  tabular  masses.  H.  »  3.  G.  «  4*3.  Color  and  streak  black.  Fusible.  Found  in 
metamorphosed  limestone  at  a  granite  contact  at  Brooks  mountain,  Seward  Pexiiiisula, 
Alaska.  Paigeite  is  a  similar  mineral  from  the  same  locality  with  the  compositioo, 
30FeO.5FejOi.lSnO,.6B,O,.5H,O. 


BORAX. 

Monoclinic. 
994 


m 


Axes  a  :  6  :  c  =  1-0995  :  1  :  0-5632;  p  =  73°  25'. 

CO,  001  A  100  =  73*  25'.  C2,  001  A  521  =  64*  8'. 
mm'",  110  A  ITO  =  93**  0'.  oo\  111  A  Til  «  57**  27'. 
CO,         001  A  111  «  40**  31'.     »'.  221  A  251  =  83**  28'. 

Crystals     prismatic,     sometimes     large;     resembling 
pyroxene  in  habit  and  angles. 

Cleavage:  a  (100)  perfect;  m  (110)  less  so;  61(010)  in 
traces.  Fracture  conchoidal.  Rather  brittle.  H.  =  2-2*5. 
G.  =  r69-r72.  Luster  vitreous  to  resinous;  sometimes 
earthy.  Color  white;  sometimes  grayish,  bluish  or  green- 
ish. Streak  white.  Translucent  to  opaque.  Taste  sweet- 
ish alkaline,  feeble.  Optically  —  .  Ax.  pi.  ±  6  (010). 
Bxa  ±  6  (010).  Bxo.r  A  c  axis  =  -  56°  50'.  2V  =  39^  a  =  1-447,  fi  = 
1-470.     y  =  1-472. 

Comp.  —  NajBA.lOHsO  or  Na2O.2B2O8.10H2O  =  Boron  trioxide  36-6, 
soda  16-2,  water  47 -2  =  100. 

Pyr.,  etc,  —  B.B.  puffs  up  and  afterward  fases  to  a  transparent  globule,  called  the  glaas 
of  borax.  Fused  with  fluonte  and  potassium  bisulphate,  it  colors  the  flame  around  the 
assay  a  clear  ereen.  Soluble  in  water,  yielding  a  famtly  alkaline  solution.  Boiling  water 
dissolves  double  its  weight  of  this  salt. 

Obs.  —  Obtained  from  the  salt  lakes  of  Tibet;  the  crude  mineral  is  called  Hncal,  In 
Cal.,  abundant  in  Lake  Co.,  at  Borax  Lake  and  Hachinhama,  two  small  alkaline  lakes  in 
the  immediate  vicinity  of  Clear  Lake;  present  in  solution  in  the  lake  waters,  and  obtained 
also  in  large  quantities  in  fine  crystals  embedded  in  the  lake  mud  and  the  surrounding 
marshy  sou;  also  found  in  fine  large  dear  crystals  at  Borax  Lake,  San  Bernardino  Co.;  at 
Death  Valley,  Inyo  Co.    Also  Rh^es  Marsh,  etc.,  Esmeralda  Co.,  Nev. 

Nfiuned  borax  from  the  Arabic  buraq,  which  included  also  the  niter  (sodium  carbonate) 
of  ancient  writers,  the  natron  of  the  Egyptians.  Borax  was  called  chrysocolla  by  Agricola 
because  used  in  soldering  gold. 

Use.  —  Borax  is  used  for  washing  and  cleansing;  as  an  antiseptic  and  preservative;  as 
a  solvent  for  metalUc  oxides  in  soldering  and  wddmg;  as  a  flux. 

ULEXITB.    Borona^rocalcite.    Natronborocalcite. 

Usually  in  rounded  masses,  loose  in  texture,  consisting  of  fine  fibers,  which 
are  acicular  or  capillary  crystals.  H.  =  1.  G.  =  1*65.  Luster  silky  within. 
Color  white.     Tasteless.     Optically  +.    a  =;  1*500.    fi  =  1*508.    7  =  1*520. 
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Comp.  —  A  hydrous  borate  of  sodium  and  calcium,  probably  NaCaBsOo. 
8H2O  =  Boron  trioxide  430,  lime  13'8,  soda  77,  water  35-5  =  100. 

Pyr.,  etc.  —  Yields  water.  B.B.  fuses  at  1  with  intumescence  to  a  clear  blebby  glass, 
coloring  the  flame  deep  yellow.  Moistened  with  sulphuric  acid  the  color  of  the  name  is 
momentarily  changed  to  deep  green.  Not  soluble  in  cold  water,  and  but  little  so  in  hot; 
the  solution  alkaline  in  its  reactions. 

Obs.  —  From  the  dry  plains  of  Iqui(}ue,  Chile.  In  Nev.,  in  large  quantities  in  the  salt 
marshes  of  the  Columbus  Mining  District,  Esmeralda  Co. 

Named  after  the  German  chemist,  G.  L.  Ulex. 

Bechilite.    Ca6407.4H20.    In  crusts,  as  a  deposit  from  springs  in  Tuscany,  Italy. 

Hydroboracite.  CaMgB<Ou.6HsO.  Resembles  fibrous  and  foliated  gypsum;  color 
white,    p  =  1*587.     From  the  Caucasus  Mts. 

Siilphoborite.  2MgSO4.4MgHBOs.7H2O.  In  colorless  prismatic  orthorhombic  crys- 
tals. H.  «  4.  G.  =  2-38^2-45.  Optically  -.  fi  =  IMO.  From  Weeteregeln,  and 
Wittmar,  Germany. 


Uranates 

URAIVmiTB.    Cleveite.    Broggerite.    Nivenite.    Pitchblende. 

Isometric.  In  octahedrons  (0),  also  with  dodecahedral  faces  (d) ;  less  often 
in  cubes  with  0  and  d.  Crystals  rare.  Usually  massive  and  botryoidal;  also 
in  grains;  structure  sometimes  columnar,  or  curved  lamellar. 

Fracture  conchoidal  to  uneven.  Brittle.  H.  =  5*5.  G.  =  9*0  to  9*7  of 
crystals;  of  massive  altered  forms  from  6'4  upwards.  Luster  submetallic,  to 
greasy  or  pitch-like,  and  dull.  Color  grayish,  greenish,  brownish,  velvet* 
black.     Streak  brownish  black,  grayish,  olive-green,  a  little  shining.     Opaque. 

Comp.  —  A  uranate  of  uranyl,  lead,  usually  thorium  (or  zirconium), 
often  the  metals  of  the  lanthanum  and  yttrium  groups;  also  containing  the 
gases  nitrogen,  helium  and  argon,  in  varying  amounts  up  to  2'6  p.  c.  Calcium 
and  water  (essential?)  are  present  in  small  quantities;  iron  also,  but  only  as  an 
impurity.  The  relation  between  the  bases  varies  widely  and  no  definite  for- 
mula can  be  given.  Radium  was  first  discovered  in  this  mineral  and  it  has  been 
shown  that  it  and  the  helium  present  are  products  of  the  breaking  down  of 
the  uranium. 

Var.  —  The  minerals  provisionally  included  under  the  name  uraninite  are  as  follows: 

1.  CryataUized.  Uranniobite  from  Norway.  In  crystals,  usually  octahedral,  with  G. 
varying  for  the  most  part  from  9*0  to  97 :  occurs  as  an  original  constituent  of  coarse  granites. 
The  variety  from  Branchville,  Conn.,  wnich  is  as  free  from  alteration  as  any  yet  examined, 
contains  chiefly  UO2  with  a  relatively  small  amount  of  U0».  Thoria  is  prominent,  while 
the  earths  of  the  lanthanum  and  vttnum  groups  are  only  8parinj2:ly  represented. 

Brdggerite,  as  analysed  by  Hillebrand,  gives  the  oxygen  ratio  of  UOs  to  other  bases  of 
about  1:1;  it  occurs  in  octahedral  crystals,  also  with  d  (110)  and  a  (100).    G.  »  903. 

Cleveite  and  nivenite  contain  UOs  in  larger  amount  than  the  other  varieties  mentioned, 
and  are  characterized  by  containing  about  10  p.  c.  of  the  yttrium  earths.  Cleveite  is  a 
variety  from  the  Arendal,  Norway,  region  occumng  in  cubic  crystals  modified  by  the  dodeca- 
hedron and  octahedron.  G.  =  7*49.  It  is  particularly  rich  in  the  gas  heUum.  Nivenite 
occurs  massive,  with  indistinct  crystallization.  Color  velvet-black.  H.  «  5*6.  G.  =  8*01. 
It  is  more  soluble  than  other  kinds  of  uraninite,  being  completely  decomposed  by  the  action 
for  one  hour  of  very  dilute  sulphuric  acid  at  100°. 

2.  Mctssive^rohobly  amorphous.  Pitchblende.  Contains  no  thoriaj  the  rare  earths 
also  absent.  Water  is  prominent  and  the  specific  gravity  is  much  lower,  m  some  cases  not 
above  66;  these  last  differences  are  doubtless  largely  due  to  alteration.  Here  belong 
the  kinds  of  pitchblende  which  occur  in  metalliferous  veins,  with  sulphides  of  silver,  lead, 

•  cobalt,  nickel,  iron,  zinc,  copper,  as  that  from  Johanngeorgenstadt,  Germany;   Pribram, 
Bohemia,  etc.;  probably  also  that  from  Black  Hawk,  Col. 
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Pyr.,  etc.  —  B.B.  infusible,  or  only  slightly  rounded  on  the  edges,  sometimes  color:: 
the  outer  flame  green  (copper).  With  borax  and  salt  of  phosphorus  ^ves  a  yellow  hcd-.  _ 
O.F.,  becoming  green  in  K.F.  (uranium).  With  soda  on  charcoal  gives  a  coating  of  k>^ 
oxide,  and  frequently  the  odor  of  arsenic.  Many  specimens  give  reactions  for  sulphur  _. 
arsenic  in  the  open  tube.  Soluble  in  nitric  and  sulphuric  acids:  the  solubility  differs  wt.  h 
in  different  varieties,  being  greater  in  those  kinds  containing  the  rare  earths.  Xot  attmt- 
able  by  the  magnet.     Strongly  radioactive. 

Obs.  —  As  noted  above,  uraninite  occurs  either  as  a  primary  constituent  of  granitic  p>  '^^ 
or  as  a  secondaiy  mineral  with  ores  of  silver,  lead,  copper,  etc.  Under  the  latter  oondirj- 1 
it  is  found  in  Uermany  at  Johanngeorgenstadt,  Marienberg,  and  Schneeberig  in  Saxor/ 
in  Bohemia  at  Joachimstal  and  Pribram;  in  Hungary  at  Rezb^ya.  Occurs  in  Norway  il 
pegmatitic  veins  at  several  points  near  Moss,  viz.:  Annerod  (broggeriie),  Ellvestad,  t-t  . 
also  near  Arendal  at  the  Carta  feldspar  quarry  [deveite),  associated  with  orthite,  fersusonii' . 
thorite,  etc. 

In  the  United  States,  at  the  Middletown  feldspar  quarry,  Conn.,  in  large  octahedrcn-. 
rare;  at  Hale's  quarry  in  Glastonbury,  a  few  miles  N.E.  of  Middletown.  At  BranchMli-. 
Conn.,  in  a  pegmatite  vein,  as  small  octahedral  crystals,  embedded  in  albite.  In  N.  C,  i  * 
the  Flat  Rock  mine  and  other  mica  mines  in  MitcheU  Co.,  rather  abundant,  but  u;5U:i-:' 
altered,  in  part  or  entirely,  to  gummite  and  uranophane;  the  crystals  are  sometimes  an  ini 
or  more  across  and  cubic  in  habit.  In  S.  C,  at  Marietta.  In  Texas,  at  the  gadolinitc 
locality  in  Llano  Co.  (nivenite).  In  large  quantities  at  Black  Hawk,  near  Central  Cit;. . 
Col.  Kather  abundant  in  the  Bald  Mountain  district,  Black  Hills,  S.  D.  Also  with 
monazite,  etc.,  at  the  Villeneuve  mica  veins,  Ottawa  Co.,  Quebec,  Canada. 

Use.  —  As  a  source  of  uninium  and  of  radium  salts. 

Gummite.  An  alteration-product  of  uraninite  of  doubtful  composition.  In  rounded 
or  flattened  pieces,  looking  much  like  gum.  G.  =  3'9-4"20.  Luster  greasy.  Color  red- 
dish yellow  to  orange-re<r  reddish  brown,  n  =  1*61.  From  Johanngeoi^genstadt,  Ger- 
many, also  Mitchell  Co.,  N.  C. 

Yttrogummite.    Occurs  with  cleveite  as  a  decomposition-product. 

Thorogummite.  Occurs  with  fergusonite,  cyrtohte,  and  other  species  at  the  gadolinite 
locality  in  Llano  Co.,  Texas. 

Thorianite.  Chiefly  thorium  and  uranium  oxides.  Isometric,  cubic  habit.  G.  =  9*3. 
Color  black.  Radioactive.  Obtained  from  gem  gravels  of  Balangoda,  Ceylon.  Also  noted 
from  Province  of  Betroka,  Madagascar. 

Uranosphflerite.  (BiO)2U207.3H20.  In  haif-globular  aggregated  forms.  Color  orange- 
yellow,  brick-red.     From  near  Schneeberg,  Saxony. 

Oxygen  Salts 

6.   SULPHATES,  CHROMATES,  TELLURATES 

A.  Anhydrous  Sulphates,  etc. 

The  important  Barite  Group  is  the  only  one  among  the  anhydrous  sul- 
phates and  chromates. 


Mascagnite.  Ammonium  sulphate,  (NH4)2S04.  Orthorhombic.  Usually  in  crusts  and 
stalactitic  forms,    fi  »  1*523.    Occiu?  about  volcanoes,  as  at  Etna,  Vesuvius,  etc. 

Taylorite.  5KiS04.(NH4)2S04.  In  small  compact  lumps  or  concretions.  From  the 
guano  of  the  Chincha  Islands. 

Thenardite.  Anhydrous  sodium  sulphate,  Na2S04.  In  orthorhombic  crystals,  pyrami- 
dal, short  prismatic  or  tabular;  also  as  twins  (Fig.  384,  p.  160).  WTiite  to  brownish. 
Optically  4-.  ^  =  r477.  Soluble  in  water.  Often  observed  in  connection  with  salt 
lakes,  as  on  the  shores  of  Lake  Balkhash,  Central  Asia;  similarly  elsewhere;  also  in  South 
America  in  Tarapaca,  Chile.  In  the  United  States,  forms  extensive  deposits  on  the  Rio 
Verde,  Ariz.     In  Cal.,  at  Borax  Lake,  San  Bernardino  Co. 

Aphthltalite.  Arranite.  Glaserite.  (K,Na)2S04.  Rhombohedral ;  also  massive,  in 
crusts.  Color  white.  From  Vesuvius,  upon  lava;  at  Douglashall  near  Westeregeln,  Ger-. 
many,  in  blodite;   Stassfurt,  Germany;   Rocalmuto,  Sicily. 
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GLAUBERITB. 
Monoclinic.    Axes  a  :  6  •  c  =  1-2200  :  1  :  10275;  fi  =  67''  49'. 

€a,        001  A  100  =  e?**  49'.     cs,    001  A  111  =  43''    2'. 

mm'",  110  A  lIO  -  96**  58'.     cm,  001  A  110  =  76**  301'.  995 

In  crystals  tabular  ||  c  (001);  also  prismatic. 

Cleavage:  c perfect.  Fracture  conchoidal.  Brittle. 
=  2-5-3.  G.  =  27-2*85.  Luster  vitreous.  Color 
pale  yellow  or  gray;  sometimes  brick-red.  Streak 
"white.  Taste  slightly  saline.  Optically  — .  2V  = 
7**.  a  =  1-515.  /3  =  1-532.  y  =  1-536.  Optical 
characters  change  on  heating,  see  p.  297. 

Comp.  —  Na2S04.CaS04  =  Sulphur  trioxide  57*6, 
lime  20*  1,  soda  22-3  =  100;  or,  Sodium  sulphate 
51' 1,  calcium  sulphate  48-9  =  100. 

PVr.,  etc.  —  B.B.  decrepitates,  turns  white,  and  fuses  at  1*5  to  a  white  enamel,  coloring 
the  dame  intensely  yellow.  On  charcoal  fuses  in  O.F.  to  a  clear  bead;  in  R.F.  a  p)ortion 
is  absorbed  by  the  charcoal,  leaving  an  infusible  hepatic  residue.  Soluble  in  hydrochloric 
acid.  In  water  it  loses  its  transparency,  is  partially  dissolved,  leaving  a  residue  of  calcium 
sulphate,  and  in  a  large  excess  this  is  completely  dissolved. 

Obs.  —  In  crystals  in  rock  salt  at  Villa  Kubia,  in  New  Castile,  Spain;  also  at  Aussee  and 
Hallstatt.  Upper  Austria;  in  Germany  at  Berchtesgaden,  Bavaria;  Wester^eln;  Stassfurt. 
In  cr3rstals  in  the  Rio  Verde  Valley,  Ariz.,  with  thenardite,  oiirabilite,  etc.;  Borax  lake,  San 
Bernardino  Co.,  Cal. 

Langbeinite.  KsMgs (804)3.  Isometric-tetfiutohedral.  In  highly  modified  colorless 
crystals.  G.  »  2*83.  n  »  1533.  From  Westeregeln  and  Stassfurt,  Germany;  Hall, 
Tyrol;  Punjab,  India. 

Vanthoffite.  3NatS04.MgS04.  Almost  colorless  crystalline  material  found  at  Wil- 
helmshall,  near  Stassfurt,  Prussia. 

Barite  Group.     RSO4.     Orthorhombic 

m  A  w'"         dd' 
110  A  no   102  A  102 
Barite         BaSO*      78°  22i'        77°  43' 
Celestite     SrSO*        75°  50'         78°  49' 
Anglesite    PbS04       76°  16i'        78°  47' 
Anhydrite  CaSO*     (83°  33')    •    (58°  31') 

The  Barite  Group  includes  the  sulphates  of  barium,  strontium,  and  lead, 
three  species  which  are  closely  isomorphous,  agreeing  not  only  in  axial  ratio 
but  also  in  crystalline  habit  and  cleavage.  With  these  is  also  included  cal- 
cium sulphate,  anhydrite,  which  has  a  related  but  not  closely  similar  form;  it 
differs  from  the  others  conspicuously  in  cleavage.  It  is  to  be  noted  that  the 
carbonates  of  the  same  metals  form  the  isomorphous  Aragonite  Group,  p.  437. 

BARITE.    Heavy  Spar.     Barytes. 

Orthorhombic.    Axes  a  :b  :c  ^  0*8152  :  1  :  1*3136. 

mm''\  110  A  lie  =  78^  22 J'.  </d"',  102  A  105  «  102^  17'. 

cd,        001  A  102  =  38"  51J'.  oo''\  Oil  A  OlT  =    74**  34'. 

CO,         001  A  Oil  =  52**  43'.  cz,       001  A  111  =    64**  W. 

Crystals  commonly  tabular  ||  c  (001),  and  united  in  diverging  groups  having 
the  axis  b  in  conmion;  also  prismatic,  most  frequently  ||  axis  &,  d  (102)  predomi- 
nating; also  II  axis  c,  m  (110)  prominent;  again  ||  axis  a,  with  0  (Oil)  promi- 
nent.    Also  in  globular  forms,  fibrous  or  lamellar,  crested;  coarsely  laminated, 


00' 

on  A  .011 

a  : 

:b: 

:  c 
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laminse  convergent  and  often  curved;  granular,  resembling  white  marble,  smd 
earthy;  colors  sometimes  banded  as  in  stalagmite. 

Cleavage:  c  (001)  perfect;  m  (110)  also  perfect,  Fig.  996  the  form  yielde«i 
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by  cleavage;  also  6  (010)  imperfect.  Fracture  un- 
even. Brittle.  H.  =  2-5-3;5.  G.  =  4'3-4-6.  Lu?^ 
ter  vitreous,  incUning  to  resinous;  sometimes  pearly 
on  c  (001),  less  often  on  m  (110).  Streak  whit^. 
Color  white;  also  inclining  to  yellow,  gray,  blue,  red, 
or  brown,  dark  brown.  Transparent  to  translucent 
to  opaque.  Sometimes  fetid,  when  rubbed.  Opti- 
caUy+.  Ax.  pi.  116(010).  Bx  ±  a(lOO),  2V  = 
37^  30'.    a  =  1.636.    /3  =  1637.    7  =  1*648. 

Var.  —  Ordinary,  (a)  Crystals  usually  broad  or  stout;  sometimes  very  large;  again  in 
slender  needles.  (6)  Crested;  massive  aKgresations  of  tabular  cr3r8tals,  the  crsrstals  project- 
ing at  surface  into  crest-like  forms,  (c)  Columnar;  the  columns  often  coarse  and  loosely 
aggregated,  and  either  radiated  or  parallel;  rarely  fine  fibrous,  (d)  In  globular  or  nodulsj- 
ooncretions,  subfibrous  or  columnar  within.  Bologna  Stone  (from  near  Bologna)  is  here 
included;  it  was  early  a  source  of  wonder  because  of  the  phosphorescence  it  exhibited  aft^r 
heating  witii  charcoal.  "Bologna  phosphorus"  was  made  from  it.  (e)  Lamellar,  either 
straight  or  curved;  the  latter  sometimes  as  aggregations  of  curved  scale-like  plates. 
(/)  Granular,  (g)  Compact  or  cryptocrystalline.  (h)  Earthy,  (t)  Stalactitic  and  stakg- 
mitic;  similar  in  structure  and  origm  to  calcareous  stalactites  and  stalagmites  and  of  much 
beauty  when  polished,  (h)  Fetid;  so  called  from  the  odor  gpven  off  when  struck  or  when 
two  pieces  are  rubbed  together,  which  odor  may  be  due  to  carbonaceous  matters  present. 

llie  barite  of  Muzsaj  and  of  Betler,  near  Rosenau,  Hungary,  was  early  caUed  Wdlnyn. 
Cawk  is  the  ordinary  barite  of  the  Derbyshire  lead  mines.  Dreelite,  supposed  to  be  rhom- 
bohedral,  is  simply  barite.  MickelA&vyie  from  Perkin's  Mill,  Templeton,  Quebec  (described 
as  monoclinic),  is  peculiar  in  its  pearly  luster  on  m,  twinning  striations,  etc. 

Comp.  —  Barium  sulphate,  BaS04  =  Sulphur  trioxide  34*3,  baryta  657 
=  100. 

Strontium  sulphate  is  often  present,  also  calcium  sulphate;  further,  as  impurities,  silica, 
clay,  bituminous  or  carbonaceous  substances. 

Pyr,  etc.  —  B.B.  decrepitates  and  fuses  at  3,  coloring  the  flame  yellowish  green:  the 
fused  mass  reacts  alkaline  with  test  paper.  On  charcoal- reduced  to  a  sulphide.  With  soda 
gives  at  first  a  clear  pearl,  but  on  continued  blowing  yields  a  hepatic  mass,  which  spreads 
out  and  soaks  into  the  coal.    This  reacts  for  sulphur  (p.  340).    insoluble  in  acids. 

Diff.  —  Characterized  by  high  specific  gravity  (higher  than  celestite,  aragonite,  albite, 
calcite,  gypsum,  etc.);  cleavage;  insolubility;  qreen  coloration  of  the  blowpipe  flame. 
Albite  isTiarder  and  calcite  effervesces  with  acid. 

Obs.  —  Occurs  commonly  in  connection  with  beds  or  veins  of  metallic  ores,  especially  of 
lead,  also  copper,  silver,  cobalt,  manganese,  as  part  of  the  gangue  of  the  ore;  also  often 
accompanies  stibnite.  Sometimes  present  in  massive  forms  with  hematite  deposits.  It  is 
met  with  in  secondary  limestones  and  sandstones,  sometimes  forming  distinct  veins,  and  in 
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tlie  former  often  in  crjrstals  along  with  caicite  and  celestite;  in  the  latter  often  with  copper 
ores.  Sometimes  occupies  the  cavities  of  amygdaloidal  basalt,  porphyry,  etc. ;  forms  earthy 
nxasses  in  beds  of  marl.  Occurs  as  the  petrifying  material  of  fossils  and  occup3ring  cavities 
in  them. 

Fine  crystals  are  obtained  in  England  at  the  Dufton  lead  mines,  Westmoreland;  also  in 
Oumberland  and  Lancashire;  in  Derbyshire,  Staffordshire,  etc.;  Cleator  Moor;  Alston 
>/Ioor.  In  Scotland,  in  Argyleshire,  at  Strontian.  Some  of  the  most  important  of  the 
many  European  loc»alities  are  Felsdb^ya,  Nagybdnyti.  Schemnitz,  and  Kremnitz,  in 
Hungary,  andHefeld,  often  with  stibnite;  Htittenberg,  Carinthia;  Fre^rg,  Marienberg,  in 
Saxony:  Claustal  in  the  Harz  Mts.;  Pribram,  Bohemia;  Auvergne,  France. 

In  the  United  States,  formerly  in  Conn.,  at  Cheshir^ntersecting  the  red  sandstone  in 
veins  with  chalcocite  and  malachite.  In  N.  Y.,  at  Pillar  Point,  opposite  Sackett's  Harbor, 
massive;  at  Scoharie,  fibrous;  in  St.  Lawrence  Co.,  crystals  at  De  Kalb;  the  crested  variety 
a,t  Hammond.  In  Pa.,  in  crjrstals  at  Perkiomen  l^i^i^mine.  In  Va.,  at  Eldridge's  gold 
mine  in  Buckingham  Co.  In  N.  C,  white  ma^ydStCrowders  Mt.,  Gaston  Co.,  etc.  In 
Tenn.,  on  Brown's  Creek;  at  Haysboro'.  ftear  Nashville;  in  large  veins  in  sandstone  on 
the  west  end  of  Isle  Royale,  Lake  Sup^or,  and  on  Spar  Island,  north  shore.  In  Mo. 
not  uncommon  with  the  lead  ores;  in  concretionary  forms  at  Salina,  S^ne  Co.,  Kan.  In 
Col.,  at  Sterlii^  Weld  Co.;  Apishapa  Creek;  also  in  El  Paso  and  Fremont  Cos.  In  fine 
crystals,  near  Fort  Wallace,  N.  M.  Crsrstals  enclosing  quartz  sand,  "sand  barite,"  from 
Norman,  Oklahoma.    In  distorted  crystals  from  the  Bad  Islands,  S.  D. 

In  Ontario,  in  Bathurst,  and  North  Burgess,  Lanark  Co.;  Malway,  PeterboroiMh  Co.; 
as  large  veins  on  Jarvis,  McKellars,  and  Pie  islands,  in  Lake  Superior,  and  near  Fort  William, 
Thunder  Bay.  In  Nova  Scotia,  in  veins  in  the  slates  of  East  River  of  the  Five  Islands, 
Colchester  Co. 

Named  from  /Sapvf,  heavy. 

Use.  —  Source  of  barium  hydroxide  used  in  the  refining  of  sugar;  ground  and  used  as  a 
pigment,  to  give  weight  to  paper,  cloth,  etc« 

CELESTITE.    Coelestine. 

Orthorhombic.     Axes  a:b  :c  ^  07790  :  1  :  1*2800. 

1006  1006 


mm'",  110  A  ITO  =  75*^  50'.  cd,  001  A  102  =  39*  24J'. 

d,         001  A  104  =  22**  20'.  co,  001  A  Oil  «  62**  0'. 

Crystals  resembling  those  of  barite  in  habit;  commonly  tabular  1 1  c  (001)  or 
prismatic  ||  axis  a  or  6;  also  more  rarely  pyramidal  by  the  prominence  of  the 
forms  ^  (133)  or  x  (144).  Also  fibrous  and  radiated;  sometimes  globular; 
occasionally  granular. 

Cleavage:  c  (001)  perfect;  m  (110)  nearly  perfect;  6  (010)  less  distinct. 
Fracture  uneven.  H.  =  3-3*5.  G.  =  3'95-3'97.  Luster  vitreous,  sometimes 
inclining  to  pearly.  Streak  white.  Color  white,  often  faint  bluish,  ajid  some- 
times reddish.  Transparent  to  subtranslucent.  Optically  +.  Ax.  pi.  ||  6  (010). 
Bx  ±  a  (100).    2V  =  51°.    a  =  1*622.    /3  =  1*624.    y  =  1*631. 

Var.  —  1.  Ordinary,  (a)  In  crystals  of  varied  habit  as  noted  ^bove;  a  tinge  of  a  deh- 
cate  blue  is  very  common  and  sometimes  belongs  to  only  a  part  of  a  crystal.  The  variety 
from  Montmartre,  near  Paris,  France,  called  apotome,  is  prismatic  by  extension  of  o  (Oil) 
and  doubly  terminated  by  the  pyramid  ^  (133).  (6)  Fibrous,  either  parallel  or  radiated, 
(r)  Lamellar;  of  rare  occurrence,  (d)  Granular,  (c)  Concretionary.  (/)  Earthy;  impure 
iisually  with  carbonate  of  lime  or  clay. 
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Comp.  —  Strontium  sulphate,  SrS04  =  Sulphur  trioxide  43'6,  stron- 
tia  56*4  =  100.    Calcium  and  barium  are  sometimes  present. 

Pyr.,  etc.  —  B.B.  frequently  decrepitates,  fuses  at  3  to  a  white  pearl,  colorinfc  the  flaiL-^ 
strontia-red;  the  fused  mass  reacts  alkalme.  On  charcoal  fuses,  and  in  R.F.  is  convert ^-l 
into  a  difficultly  fusible  he];»tic  mass;  this  treated  with  hydrochloric  acid  and  alcohol  gix-s 
an  intensely  red  flame.     With  soda  on  charcoal  reacts  like  barite.     Insoluble  in  acids. 

Diff. --Characterized  by  form,*  cleavaee,  high  specific  gravity,  red  coloration  of  ♦h^ 
blowpipe  flame.  Does  not  effervesce  with  acids  like  the  carbonates  (e.g.,  strontianite  : 
specmc  gravity  lower  than  that  of  barite. 

Obs. — Usually  associated  with  limestone,  or  sandstone  of  various  ages;  occasional^ 
with  metalliferous  ores,  as  with  galena  and  sphalerite  at  Condorcet,  France;  at  Rezb^nya. 
Hungary;  also  in  beds  of  gypsum,  rock  salt,  as  at  Bex,  Switzerland;  Ischl,  Austria;  Uine- 
berg,  Hannover;  sometimes  fills  cavities  in  fossils,  e^.,  ammonites;  with  sulphur  in  socif 
volcanic  regions  as  at  Girgenti,  Sicily.    From  Yate,  Gloucester,  England. 

Specimens,  finely  crystallized,  of  a  bluish  tint,  are  found  in  Umestone  about  Lake  Huron, 
particularly  on  Drunmiond  Island,  also  on  Strontian  Island,  Put-in-Bay,  L^ke  Erie,  aini 
at  Kingston  in  Ontario,  Canada;  Chaumont  Bay,  Lake  Ontario,  Schoharie,  and  Lockport, 
N.  Y.  From  near  Sjrracuse,  N.  Y.  A  blue  fibrous  celestite  occimi  at  Bell's  Mills,  fekir 
Co.,  Pa.  From  near  Cumberland,  Md.  In  Mineral  Co.,  W.  Va.,  a  few  miles  south  of  Cum- 
berland, Md.,  in  pyramidal  blue  crystals.  At  Tifflin,  Ohio.  In  Texas,  at  Lampasajs,  lare? 
crystals.  With  colemanite  at  Death  Valley,  San  Bernardino  Co.,  Cal.  In  Canada,  in 
crystalline  masses  at  Kingston,  Frontenac  Co.;  Lansdowne,  Leeds  Co.;  in  radiating  fibrous 
masses  in  the  Laurentian  of  Renfrew  Co. 

Named  from  ccelestia,  celestial,  in  allusion  to  the  faint  shades  of  blue  often  present. 

Use.  —  Used  in  the  preparation  of  strontium  nitrate  for  fireworks;  other  salts  used  ir. 
the  refining  of  sugar. 

ANGLESITE. 

Orthorhombic.    Axes  a  :  6  :  c  =  07852  :  1  :  1*2894. 
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110  A  lIO  «  76°  16i'. 
001  A  104  =  22°  19'. 


cd.  001  A  102  «  39°  23'. 
CO,  001  A  Oil  =  52**  12'. 


Crystals  sometimes  tabular  1 1  c  (001) ;  more  often  prismatic  in  habit,  and  in 
all  the  three  axial  directions,  m  (110),  d  (102),  o  (Oil),  predominating  in  the 
different  cases;  pyramidal  of  varied  types.  Also  massive,  granular  to  com- 
pact; stalactitic;  nodular. 

Cleavage:  c  (001),  m  (110)  distuict,  but  interrupted.  Fracture  conchoi- 
dal.  Very  brittle.  H.  ==  2-75-3.  G.  =  6-3-6'39.  Luster  highly  adaman- 
tine in  some  specimens,  in  others  inclining  to  resinous  and  vitreous.  Color 
white,  tinged  yellow,  gray,  green,  and  sometimes  blue.  Streak  imcolored. 
Transparent  to  opaque.  Optically  -f.  Ax.  pi.  ||  6  (010).  Bx  ±  a  (100). 
Dispersion  strong,  p  <  v.  2V  =  60°-75°.  a  =  r877.  /3  =  1882.  y  = 
1-894. 
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Comp.  —  Lead  sulphate,  PbS04  =  Sulphur  trioxide  26*4,  lead  oxide  736 
=  100. 

Pyr.,  etc.  —  B.B.  decrepitates,  fuses  in  the  flame  of  a  candle  (F.  =«  1'5).  On  charcoal 
in  O.F.  fuses  to  a  clear  pearl,  which  on  cooling  becomes  milk-white;  in  R.F.  is  reduced 
iw'ith  effervescence  to  metallic  lead.  With  soda  on  charcoal  in  R.F.  gives  metallic  lead, 
and  the  soda  is  absorbed  by  the  coal.     Difficultly  soluble  in  nitric  acid. 

Di£f. —  Characterized  by  high  specific  gravity;  adamantine  luster;  cleavage;  and  by 
yielding  lead  B.B.    Cerussite  effervesces  in  nitric  acid. 

Obs.  —  A  result  of  the  decomposition  of  galena,  and  often  found  in  its  cavities;  also 
surrounds  a  nucleus  of  ealena  in  concentric  layers.  First  found  in  England  at  Pary's  mine 
in  Anglesea;  in  Derbyshire  and  in  Cumberland  in  crystals;  at  Leadhul,  Scotland;  in  Ger- 
many at  Claustal,  in  the  Harz  Mts. ;  near  Siegen  in  Prussia :  Schapbach  and  Badenweiler 
in  Baden;  in  Hungary  at  Felsobdinya  and  elsewhere;  Nercninsk,  Siberia;  and  at  Monte 
Poni,  Sardinia;  Granada  and  Andalusia,  Spain;  massive  in  Siberia;  in  Australia,  whence 
it  is  exported  to  England.  At  Broken  HiU,  New  South  Wales.  In  the  Sierra  Mojada, 
Mexico,  in  immense  quantities,  mostly  massive. 

In  the  United  States  in  crystals  at  W^heatley's  mine,  Phenixville,  Pa. ;  in  Missoiu'i  lead 
mines;  in  crystals  of  varied  habit  at  the  Mountain  View  mine,  Carroll  Co.,  Md.  In  Col.  at 
various  points,  but  less  common  than  cerussite.  At  the  Cerro  Gordo  mines  of  Cal.  (argen- 
tiferous galena),  with  other  lead  minerals.  In  Ariz.,  in  the  mines  of  the  Castle'Dome  dis- 
trict, Yuma  Co.,  and  elsewhere.  In  fine  crystals  from  Kingston  and  Wardner,  Idaho; 
Eureka,  Utah. 

Named  from  the  locality,  Anglesea,  where  it  was  first  found. 

Use.  —  An  ore  of  lead. 


ANHYDRITE. 
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Twins:  1,  tw.  pi.  d  (012);  2,  r  (101)  occasionally  as  tw.  lamellae.    Crystals 
not  common,  thick  tabular,  also 

prismatic   ||    axis  6.     UsuaUy  ^^^^  1^12 

massive,  cleavable,  fibrous, 
lamellar,  granular,  and  some- 
times impalpable. 

Cleavage :  in  the  three  pinac- 
oidal  directions  yielding  rec- 
tangular fragments  but  with 
varying  ease,  thus,  c  (001)  very 
perfect;    b  (010)  also  perfect; 

a    (100)     somewhat    less     so.     loio,  1011,  "Stassfurt  1012,  Aussee 

Fractiu^     uneven,    sometimes 

spUntery.  Brittle.  H.  =  3-3-5.  G.  =  2-899-2-985.  Luster:  c  pearly, 
especially  after  heating  in  a  closed  tube;  a  somewhat  greasy;  b  vitreous;  in 
massive  varieties,  vitreous  inclining  to  pearly.  Color  white,  sometimes  a 
grajosh,  bluish,  or  reddish  tinge;  also  brick-red.  Streak  grayish  white. 
OpticaUy+.  Ax.  pi.  ||  6  (010).  Bx  ±  a  (100).  2V  =  42^  a  =  r571. 
0  =  1-576.   7  =  1'614. 

Var. —  1.  Ordinary,  (a)  Crystallized;  crystals  rare,  more  commonly  massive  and 
cleavable  in  its  three  rectangular  directions.  (6)  Fibrous;  either  parallel,  radiated  or 
plumose,  (c)  Fine  granular,  (d)  Scaly  granular.  Vidpinite  is  a  scaly  granular  kind  from 
Vulpino  in  Lombardy,  Italy;  it  is  cut  and  polished  for  ornamental  purposes.  A  kind  in 
contorted  concretionary  forms  is  the  Iripestone. 

2.   Pseudomorphous;  in  cubes  after  rock-salt. 

Comp.  —  Anhydrous  calcium  sulphate,  CaS04  =  Sulphur  trioxide,  58*8, 
lime  41-2  =  100, 
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Pyr.,  etc.  —  B.B.  fuses  at  3,  coloiine  the  flame  reddish  yellow,  and  yielding  an  enamel- 
like  bead  which  reacts  alkaline.  On  charcoal  in  R.F.  reduced  to  a  sulphide;  with  sod^ 
does  not  fuse  to  a  clear  globule,  and  is  not  absorbed  by  the  coal  like  barite;  is,  however, 
decomposed,  and  yields  a  mass  which  blackens  silver.    Soluble  in  hydrochloric  acid. 

Din.  —  Characterized  by  its  cleavage  in  three  rectangular  directions  (peeudo-cubic  in 
aspect);  harder  than  gypsum;  does  not  effervesce  with  acids  like  the  carbonates. 

Obs.  —  Occurs  in  rocks  of  various  ages,  especially  in  limestone  strata,  and  often  the  .same 
that  contain  ordinary  gypsum,  and  also  very  commonly  in  beds  of  rock-salt;  at  the  sal: 
mine  near  Hall  in  Tyrol,  Austria;  of  Bex,  Switzerland;  at  Aussee,  upper  Austria,  crystal- 
lized and  massive;  Liineburg,  Hannover,  Germany;  Kapnik  in  Hungary;  Wie^czka  in 
Poland;  Ischl  in  Upper  Austria;  Berchtes^aden  in  Bavaria^  Stassfurt,  Germany,  in  fine 
aystals,  embedded  m  kieserite^*  in  cavities  m  lava  at  Santorm  Islimd. 

In  the  United  States,  at  Meriden,  C!onn.;  at  Lockport,  N.  Y.,  fine  blue,  in  geodes  of 
black  limestone,  with  calcite  and  gypsum;  at  West  Paterson,  N.  J.;  in  limestone  at  Nash- 
ville, Tenn.,  etc.    In  the  salt  beds  of  central  Kansas.    In  Nova  Scotia  it  forms  extensive  beds. 

Anhydrite  by  absorption  of  moisture  chaiuces  to  iprpsum.  Extensive  beds  are  some- 
times thus  altered  in  part  or  throughout,  as  at  Bex,  in  Switzerland,  wh«^  by  HJOTng  down 
60  to  100  ft.,  the  unaltered  anhydrite  may  be  found.  Sometimes  specimens  ofanhydrite 
are  altered  between  the  folia  or  over  the  exterior. 

Bassanite.  CaS04.  In  white  opaque  crystals  having  form  of  gj^um  but  composed 
of  slender  needles  in  parallel  arrangement.  These  show  parallel  extmction  and  positive 
elongation.  G.  »  2*69-276.  Transformed  into  anhydrite  at  red  heat.  Found  in  blocks 
ejected  from  Vesuvius. 

Zinkosite.    ZnS04.    Reported  as  occurring  at  a  mine  in  the  Sierra  Almagrera,  Spain. 

Hydrocyanite.  CuSOi.  Found  at  Vesuvius  as  a  pale  green  to  blue  incrustation  after 
the  eruption  of  1868. 

HoKUTOLiTE.  A  mixture  in  variable  proportions  of  lead  and  bariimi  sulphates.  A 
radioactive  crystalline  crust  deposited  by  hot  springs  at  Hokuto,  Formosa. 

Millosevichite.  Normal  ferric  and  aluminium  sulphate.  As  a  violet  incrustation,  Alum 
Grotto,  Island  of  Vulcano,  Lipari  Islands. 

CRGCOITE. 

Monoclinic.    Axes  a:b:c^  0-9603  :  1  :  0*9159;  p  =  77*"  33'. 

,^^^  mm'",  110  A  ITO  =  86**  19'.  «',  111  A  ill  «  60*  SO'. 

WIS  ck,        001  A  TOl  =  49**  32'.  ct,  001  A  HI  =  46*  58'. 

Crystals  usually  prismatic,  habit  varied.  Also  imperfectly 
columnar  and  granular. 

Cleavage:  m  (110)  rather  distinct;  c  (001),  a  (100)  less  so. 
Fracture  small  conchoidal  to  uneven.  Sectile.  H.  =  2" 5-3.  G.  = 
5'9--6'l.  Luster  adamantine  to  vitreous.  Color  various  shades 
of  bright  hyacinth-red.  Streak  orange-yellow.  Translucent. 
/3  -  2-42. 

Comp.  —  Lead  chromate,  PbCr04  =  Chromium  trioxide 
3M,  lead  protoxide  689  =  100. 

Pyr.j  etc.  —  In  the  closed  tube  decrepitates,  blackens,  but  recovers  its 
original  color  on  cooling.  B.B.  fuses  at  1*5^  and  on  cnarcoai  is  reduced  to  metallic  lead 
with  deflagration,  leaving  a  residue  of  chromium  oxide,  and  giving  a  lead  coating.  With 
salt  of  phosphorus  gives  an  emerald-green  bead  in  both  flames. 

Obs.  —  First  found  at  Berezov,  Ural  Mts.,  in  crystals  in  quartz  veins;  also  at  Mursinka 
and  near  Nizhni  Tagilsk  in  the  Ural  Mts.;  in  Brazil,  at  Congonhas  do  Campo;  at  Resb^ya 
in  Hungary,  Moldawa  in  Hungary;  on  Luzon,  one  of  the  Phillippines;  in  nne  crystals  from 
Mt.  Dundas,  Tasmania;  in  the  Vulture  district,  Maricopa  Co.,  Ariz. 

The  name  crocoite  is  from  KpoKOi^  saffron. 

PhoBnicochroite.  Phoenicite.  A  basic  lead  chromate,  3Pb0.2CrOs.  In  crystals  and 
massive.    Color  between  cochineal-  and  hyacinth-red.     From  Berezov  in  the  Ural  Mts. 

Vauquelinite.  A  phospho-chromate  of  lead,  perhaps  2(Pb,Cu)Cr04.(Pb,Cu)aPjOg.  In 
crystals;  also  mammillary  and  reniform.  Color  green  to  brown.  Index,  1*93.  From 
Berezov  in  the  Ural  Mts. 
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BeHite.  Lead  chromate  containing  arsenious  oxide.  Hexagonal.  In  aggregates  of 
delicate  tuffs.  H.  =  2*5.  G.  =  5*5.  Color  crimson  red,  yellow  to  orange.  Fusible. 
From  Magnet,  Tasmania. 


Sulphates  with  ChlorideSi  CarbonateSi  etc.  —  In  part  hydrous 

LEADHILLITE. 

Monoclinic.    Axes  a:b  :c^  17476  :  1  :  2-2164;  p  =  89°  48'. 

mm"\   110  A  lIO  =  120**  27'.  ex,  001  A  111  =  68**  31'. 

cw,       001  A  101  =  51**  36'.  cm,  001  A  110  =  89°  54'. 

• 

Twins:  tw.  pi.  m  (110),  analogous  to  aragonite.  Crystals  commonly  tabu- 
lar II  c  (001). 

Cleavage:  c  (001)  very  perfect;  a  (100)  in  traces.  Fracture  conchoidal, 
scarcely  observable.  Rather  sectile.  H.  =  2'5.  G.  =  6'26-6'44.  Luster  of 
c  pearly,  other  parts  resinous,  somewhat  adamantine.  Color  white,  passing 
into  yellow,  green,  or  gray.  Streak  uncolored.  Transparent  to  translucent. 
Optically  -.    /3  =  V9Z. 

Comp.  —  Sulphato-carbonate  of  lead,  4PbO.SO3.2CO2.H2O  or  PbSO*. 
2PbC08.Pb(OH)2=  Sulphur  trioxide  74,  carbon  dioxide  8*2,  lead  oxide  827, 
water  17  =  100. 

Pyr.,  etc.  —  B.B.  intumesces,  fuses  at  1*5,  and  turns  yellow;  but  becomes  white  on 
cooling.  Easily  reduced  on  charcoal.  With  soda  affords  the  reaction  for  sulphuric  acid. 
Effervesces  briskly  in  nitric  acid,  and  leaves  white  lead  sulphate  undissolved.  Yields  water 
in  the  closed  tube. 

Obs.  —  Found  at  Leadhill.  Scotland,  with  other  ores  of  lead;  in  England  at  Red  Gill, 
Cumberland,  and  at  MatlocK,  Derbvshire.  From  the  Mala-Calzetta  lead  mine  near 
Iglcsias,  Sardinia  (maxUe),  Observed  from  Arizona,  at  the  Schuiz  gold  mine  with  wul- 
fenite,  vanadinite,  cerussite;  partly  altered  to  cerussite.  From  Tintic  district,  Utah;  from 
Searchlight,  Nev.,  from  Granoy,  Mo. 

SusANNiTE.  Regarded  at  one  time  as  rhombohedral  and  diniorphous  with  leadhillite, 
but  probably  only  a  modification  of  that  species.  From  the  Susanna  mine,  L^ulhill,  in 
Scotland. 

Sulphohalite.  3Na2S04NaCl.NaF.  In  pale  greenish  yellow  octahedrons  and  dodeca- 
hedrons,   n  s  1*455.    From  Borax  lake»  and  Searles  lake,  San  Bernardino  Co.,  Cal. 

Caracolite.  Perhaps  Pb(OH)Cl.NatS04.  As  a  crystalline  incrustation.  Colorless. 
From  Atacama,  Chile. 

SUdnite.  MgSO4.KCl.3H2O.  Usually  granular  massive  and  in  crusts.  Color  white 
to  dark  flesh-red.  Optically—.  /9  =  I'SOB.  From  Stassfurt,  Germany,  and  Wolf  enbrittel, 
Brunswick;  Kalusz,  Galicia. 

Connellite.  Probably  CuS04.2CuCl2.19Cu(OH),.H20.  Crystals  slender,  hexagonal 
prisms.  Color  fine  blue.  Optically  H-.  w  =  1724.  From  Cornwall,  England;  from 
Eureka,  Utah;  Bisbee,  Ariz.  Footeite^  originally  described  as  a  hydrous  oxychloride  of 
copper  from  Bisbee,  Ariz.,  is  identical  with  connellite. 

Spangolite.  A  highly  basic  sulphate  of  aluminium  and  copper,  CueAlClSOio.9H20.  In 
dark  green  hexagonal  crystals  (hemimorphic),  tabular  or  short  prismatic.  Usually  in  very 
small  crystals.  From  the  neighborhood  of  Tombstone,  Ariz.;  CHfton  and  Bisbee,  Ariz.; 
Tintic  district,  Utah;  from  Cornwall,  England;  Sardinia. 

Hanksite.  9NatS04.2Na:tCO|.KCl.  In  hexagonal  prisms,  short  prismatic  to  tabular; 
also  in  quartzoids.  Color  white  to  yellow.  Optically  — .  w  =  1*481.  From  Borax  Lake, 
San  Bernardino  Co.,  Cal.;  also  from  Death  Valley,  Inyo  Co 


B.  Acid  and  Basic  Sulphates 


Misenite.    Probably  acid  potassium  sulphate,  HKSO4.    In  silky  fibers  of  a  white  color. 
From  Cape  Misene,  near  Naples,  Italy. 
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BROCHANTTTB. 

Orthorhombic.    Axes  a  :  6  :  c  =  07739  :  1  :  0*4871. 

In  groups  of  prismatic  acicular  ciystals  {mm'"  110  A  110  =  75**  28'  ii 
dnisy  crusts;  massive  with  reniform  structure. 

Cleavage:  b  (010)  very  perfect;  m  (110)  in  traces.   Fracture  uneven.   H  = 
3'5-4.    G.  =  3'907.     Luster  vitreous;  a  little  pearly  on  the  cleavBice-::. 
6(101).     Color  emerald-green,  blackish  green.    Streak  paler  green.      Trai- 
parent  to  translucent. 

Comp.  —  A  basic  sulphate  of.  copper,  CuS04.3Cu(OH)t  or  4CuO.S^ 
3H80  =  Sulphur  trioxide  177,  cupric  oxide  703,  water  120  =  100. 

Pyr.,  etc.  —  Yields  water,  and  at  a  hif^er  temperatuie  sulphuric  acid,  in  the  closed  r  ^'- 
and  becomes  black.  B.B.  fuses,  and  on  charcoal  affords  metallic  copper.  With  aoda  g:  •  - 
the  reaction  for  sulphuric  acid. 

Obs.  —  Occurs  in  the  Ural  Mts.;  the  konigine  (or  kSnigile)  was  from  Gumesfaev-* 
Ural  Mts.;  in  England  near  Roughten  Gill,  in  Cumberland  and  in  Comwali  (in  part  im-  .- 
ioniU);  at  Resbanya,  Hungary;  in  small  beds  at  Krisuvig  in  Iceland  {krisuvigiu  :  ^ 
Mexico  (hranffnartine);  Atacama  and  Tarapac^,  Chile.  In  the  United  States,  at  Monar  i 
mine,  Chaffee  Co.,  Col.;  in  Utah,  at  Frisco,  in  Tintic  district,  at  the  Mammoth  mine:  ^' 
CUfton-Morenci  district,  and  Bisbee,  Aris. 

Lanarkite.  Basic  lead  sulphate,  PbtSOc.  In  monoclinic  crystals.  Color  green.-: 
white,  pale  yellow  or  gray.    From  Leadhill,  Scotland;  Siberia;  the  Hans  Mts^  Germany 

Dolero|rfiaiiite.  A  basic  cupric  sulphate,  CuzSOtC?).  In  small  brown  monoolm:' 
crystals.    From  Vesuvius  (eruption  of  1868). 

Caledottite.  A  basic  sulphate  of  lead  and  copper,  perhaps  2(Pb,Cu)O.SOs.HiO.  Sr-i  J 
at  times  to  contain  Cd.  In  small  prismatic  orthorhombic  crystals.  Color  deep  verdign?- 
green  or  bluish  green.  Index,  1*85.  From  Leadhill,  Scotland;  Red  GilU  Cumberland 
etc.,  En^and;  Inyo  Co.,  Cal.;  Organ  Mts.,  N.  M.;  Butte,  Mon.;  Atacama,  Chile;  Ne^ 
Caledonia. 

Linarite.  A  basic  sulphate  of  lead  and  copper,  (Pb,Cu)S04.(Pb,Cu)(OH)2.  In  deep 
blue  monoclinic  crystals.  Optically  — .  j8  «=  1*838.  From  Leadhill,  Scotland;  Cumber- 
land, England;  the  Ural  Mts.;  Broken  Hill,  New  South  Wales;  Sardinia.  Also  Inyo  Co., 
Cal.'f  Eureka,  Utah;  Schulz,  Ariz.;  Slocan,  British  (Columbia. 

Antlerite.  Perhaps  CuS04.2Cu(OH)i.  In  li^t  green  soft  lumps.  From  the  Antler 
mine,  Mohave  Co.,  Ariz.  Stelznerite  from  Remohnos,  Vallinar,  Chile,  is  probably  the  same 
as  antlerite.    In  prismatic  crystals.    G.  »  3*9. 

Alumian.  Perhaps  Al30a.2SOi.  White  crystalline  or  massive.  Sierra  Almagrera, 
Spain. 

C.    Normal  Hydrous  Sulphates 

Three  well-characterized  groups  are  included  here.  Two  of  these,  the 
Epsomite  Group  and  the  Melanterite  Group,  have  the  same  general 
formula,  RSO4.7H2O,  but  in  the  first  the  crystallization  is  orthorhombic, 
in  the  second  monoclinic.  The  species  are  best  known  from  the  artificial 
crystals  of  the  laboratory;  the  native  minerals  are  rarely  crystallized.  There 
is  also  the  isometric  Alum  Group,  to  which  the  same  remark  is  applicable. 


Lecontite.    (Na,NH4,K)aS04.2HsO.    From  bat  guano  in  the  cave  of  Las  Piedras,  near 
Comayagua,  Central  America. 

MIRABILITE.    Glauber  Salt. 

MonocUiiic.  Crystals  like  pyroxene  in  habit  and  angle.  Usually  in 
efiiorescent  crusts 

Cleavage:  a  (100),  perfect;  e  (001),  6  (010)  in  traces.  H,  =  r5-2.  G.  = 
r481.     Luster  vitreous.     Color  white.    Transparent  to  opaque.     Taste  cool, 
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tilien  feebly  saline  and  bitter.    Optically  -.    2 V  =  76**.    a  «  1-396.    fi  = 
1-410.    7  =  1-419. 

Comp.  —  Hydrous  sodium  sulphate,  NasSO4.10HsO  =  Sulphur  trioxide 
24-8,  soda  19"3,  water  559  =  100. 

Pyr.,  etc.  —  In  the  closed  tube  much  water;  gives  an  intense  yellow  to  the  flame.  Very 
soluble  in  water.    Loses  its  water  on  exposure  to  dry  air  and  falls  to  powder. 

Obs.  —  Occurs  at  Ischl,  Hallstadt,  and  Aussee  in  Uf>per  Austria;  also  in  Hungary, 
Switzerland,  Italy;  at  the  hot  springs  at  Carlsbad,  Bohemia,  etc.  Large  quantities  of  this 
sodium  sulphate  are  obtained  from  the  waters  of  Great  Salt  Lake,  Utah. 

Kieserite.  Mg^i-HsO.  Monodinic.  Usually  massive,  granular  to  compact.  Color 
mrhite,  grayish,  y^owish.  Optically  +.  ^  «  1*535.  From  Stassfurt,  Germany;  Hall- 
stadt,  Austria;  India. 

Szomolnokite.  FeS04.HtO.  Monoclinic.  Isomorphous  with  kieaerUe,  In  pyramids. 
G.  »  3*08.  Color  yellow  or  brown.  Found  with  other  iron  sulphates  from  Szomolnok, 
Hungary.    Apparently  identical  with  ferropaUidUe  from  near  Copiapo,  Chile. 

Szmikite.    MnS04.HiO.    Stalactitic.    Whitish,  reddish.    From  Felsdbinya,  Hungary. 

GYPSUM. 

Monoclinic.    Axes  a:b:c=^  06899  :  1  :  0*4124;  /9  =  80°  42'. 

110  A  ITO  -  68**  30'.  W,     111  A  ill 


fnfn 

cd, 

a, 

1014 


001  A  101 
001  A  lOl 
001  A  103 
Oil  A  Oil 

1016 


28^  ir. 

33*    81'. 
ir  29'. 
44*  17J'. 


1016 


nd, 
1017 


Til  A  III 
110  A  111 
110  A  111 


36*  12'. 
41*  20'. 
49*  9'. 
59*  15'. 

1018 


U  I 


m 


m 


^^  ^^K 


Crystals  usually  simple  in  habit,  common  fonn  flattened  1 1  6  (010)  or  pris- 
matic to  acicular  ||  c  axis;  again  prismatic  by  extension  ofj  (111).  Also  lentic- 
ular by  rounding  of  I  (HI)  and  e  (T03).  The  form  e  (l03),  whose  faces  are 
usually  rough  and  convex,  is  nearly  at  right  angles  to  the  vertical  axis  (edge 
m(110)/m'"(lT0),  hence  the  apparent  hemimorphic  character  of  the  twin 
(Fig.  1018).  Simple  crystals  often  with  warped  as  well  as  curved  surfaces. 
Also  foUated  massive;  lamellar-stellate;  often  granular  massive;  and  some- 
times nearly  impalpable.  Twins:  tw.  pi.  a  (100),  very  common,  often  the 
familiar  swallow-tail  twins. 

Cleavage:  6(010)  eminent,  yielding  easily  thin  polished  folia;  a  (100), 
giving  a  surface  with  conchoidal  fracture;  71(111),  with  a  fibrous  fracture  | 
t{\Ol);  a  cleavage  fragment  has  the  rhombic  form  of  Fig.  1019,  with  plane 
angles  of  Oe^"  and  114^  H.  =  r5-2.  G.  =  2-314-2-328,  when  in  pure  crystals. 
Luster  of  b  (010)  pearly  and  shining,  other  faces  subvitreous.  Massive 
varieties  often  glistening,  sometimes  dull  earthy.  Color  usually  white;  some- 
times gray,  flesh-red,  honey-yellow,  ocher-yellow,  blue;  impure  varieties  often 
black,  brown,  red,  or  reddish  brown.    Streak  white.    Transparent  to  opaque. 
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Optically  +. 
(cf.  Kg.  1019). 
30'.    2V  =  58^ 

1019 


Ax.  pi.  II  6  (010),  and  Bx  A  c  axis  =  +  52^**  (at  9*4°  C. 
Dispersion  p  >  v;    also  inclined   strong.     Bxr  A   Bxm  =  C^^ 
a  =  1-520.      p  =  1523.     y  =  1-530.      On  the    effect  d 
heat  on  the  optical  properties,  see  p.  297. 

Var.  —  1.  CrystaUizedy  or  Selenite;  colorless,  trans|»> 
ent;  in  distinct  crystals,  or  broad  folia,  often  large.  Us- 
ually flexible  and  yielding  a  fibrous  fracture  ||  /  (101),  bit 
the  variety  from  Montmartre  near  Pans,  France,  ralht? 
brittle. 

2.  Fibrous;  coarse  or  fine.  Called  Satin  spar^  when 
fine-fibrous,  with  pearly  opalescence. 

3.  Massive;  Alabaster,  a  fine-grained  varietv,  iB^hit^  or 
delicately  shaded;  earthy  or  roch-^ypsum,  a  dull-colorea 
rock,  often  impure  with  clay,  calcium  carbonate  or  silirs. 

Also,  in  caves,  curious  curved  forms,  often  grouped  in 
rosettes  and  other  shapes. 

Comp.  —  Hydrous  calcium  sulphate, 
CaS04.2HjO  =  Sulphur  trioxide  46-6,  lime  32-5, 
water  20-9  =  100. 

Pjrr.,  etc.  —  In  the  closed  tube  gives  off  water  and  becomes  opaque.  Fuses  at  2*5-3, 
colonng  the  flame  reddish  yellow.  For  other  reactions  see  Anhydrite,  p.  629.  Ignited 
at  a  temperature  not  exceeding  260°  C,  it  again  combines  with  water  when  moistenedTand 
becomes  firmly  solid.    Soluble  in  hydrochloric  acid,  and  also  in  400  to  500  parts  of  water. 

Diff.  —  Cnaracterized  by  its  softness  in  all  varieties,  and  by  cleavages  in  crystallised 
kinds;  it  does  not  effervesce  with  acids  like  calcite,  nor  gelatinize  like  the  zeolites;  hard^ 
than  talc  and  yields  much  water  in  the  closed  tube. 

Obs.  —  Gypsum  often  forms  extensive  beds  in  connection  with  various  stratified  rooks, 
especially  limestones,  and  marlites  or  day  beds.  It  occurs  occasionally  in  cr3rstalline 
rocks.  It  is  also  a  product  of  volcanoes,  occurring  about  fumaroles,  or  where  sulphur 
eases  are  escaping  being  formed  from  the  sulphuric  acid  generated,  and  the  lime  affordec' 
by  the  decomposmg  lavas.  It  is  also  produced  by  the  decomposition  of  pynte  when  lime 
is  present.  Gyi)sum  is  also  deposited  on  the  evaporation  of  sea-water  and  brines,  in  which 
it  exists  in  solution. 

Fine  specimens  are  found  in  the  salt  mines  of  Bex  in  Switzerland;  Hall  in  Tyrol,  Austria; 
the  sulphur  mines  of  Sicily;  in  the  clay  of  Shotover  HUl,  near  Oxford,  England;  and  laifsa 
lenticular  crystals  at  Montmartre,  near  Paris,  France.  A  noted  locality  of  alabaster  occurs 
at  Castelino,  35  m.  from  Leghorn,  Italy,  whence  it  is  taken  to  Florence  for  the  manufacture 
of  vases,  fi^pres,  ete. 

Occurs  m  extensive  beds  in  several  of  the  United  States,  and  more  particularly  N.  Y., 
Iowa,  Mich.,  Okla.,  Texas,  Ohio,  and  Ark.,  and  is  usually  associated  with  salt  springs,  also 
with  rock  salt.     Also  on  a  large  scale  in  Nova  Scotia,  etc. 

Handsome  selenite  and  snowy  gypsum  occur  in  N.  Y.,  near  Lockport  in  limestone. 
In  Md.,  large  grouped  crystals  on  the  St.  Mary's  in  clay.  In  Ohio,  large  tram^iarent 
crystals  have  been  found  at  Ellsworth  and  Canfield,  Trumbull  Co.  In  Tenn.,  selemte  and 
alabaster  in  Davidson  C!o.  In  Ky.,  in  Manunoth  Cave,  it  has  the  forms  of  rosettes,  or 
flowers,  vines,  and  shrubbery.  Also  common  in  isolated  cr3r8tals  and  masses,  in  the  Cre- 
taceous clays  in  the  western  United  States.  In  enormous  crystals,  several  feet  in  length,  in 
Wayne  Co.,  Utah.  In  Nova  Scotia,  in  Sussex,  Kings  Co.,  laree  single  and  grouped  crystals, 
which  mostly  contain  much  symmetrically  disseminated  sand. 

Named  from  Tv^of,  the  Greek  for  the  mineral,  but  more  especially  for  the  calcined 
mineral.  The  derivation'  ordinarily  suggested,  from  y^,  earthy  and  c^eur,  to  cook,  corre- 
sponds with  this,  the  most  common  use  of  the  word  among  the  Greeks. 

Burnt  gypsum  is  called  Plaster-of-Paris,  because  the  Montmartre  gypsum  quarries,  near 
Paris,  are,  and  have  long  been,  famous  for  affording  it. 

Use.  —  In  the  manufacture  of  plaster-of-Paris  used  for  molds  and  casts  and  as  '*  staff  " 
in  erection  of  temporary  buildings:  in  making  adamant  plaster  for  interior  use;  as  land 
plaster  for  fertilizer;  as  alabaster  lor  ornamental  purposes. 

Desite.  (Mn,ZnyFe)S04.4H20.  In  loosely  adherent  aggregates.  Color  clear  green. 
From  Colorado. 
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EptiOfnite  Group.     RSO4.7H2O.     Orthorhombic 

Epsomite  MgS04.7H20  a  :  6  :  c  «  0  9902  :  1  :  0  5709 

(Fe,Mg)S04.7H,0 
Goslarite  ZnS04.7H20  0*9807  :  1  : 0-5631 

Ferro-goslarite  (Zn,Fe)S04.7H20 

Morenosite  NiS04.7H20  0*9816  :  1  :  0  5655 

EPSOMITE.    Epsom  Salt. 

Orthorhombic.  Usually  in  botryoidal  masses  and  deUcately  fibrous  crusts. 
Cleavage:  6  (010)  very  perfect.  Fracture  conchoidal.  H.  =  2-0-2-5.  G.  = 
=  1-751.  Luster  vitreous  to  earthy.  Streak  and  color  white.  Transparent 
to  translucent.  Taste  bitter  and  saline.  Optically  — .  2V  =  52°.  a  = 
1-433.    p  =  1-455.     7  =  1-461. 

Comp.  —  Hydrous  magnesium  sulphate,  MgS04.7H20  =  Sulphur  triox- 
ide  32-5,  magnesia  16-3,  water  51 -2  =  100. 

Obs.  —  Common  in  mineral  waters,  and  as  a  delicate  fibrous  or  capillary  efflorescence  on 
rocks,  in  the  galleries  of  mines,  and  elsewhere.  In  the  former  state  it  exists  at  Epsom, 
England,  and  at  Sedlitz  and  Saidschitz  (or  Saidschiitz)  in  Bohemia.  At  Idria  in  Carniola, 
Austr^  it  occiu^  in  silky  fibers,  and  is  hence  called  hair  salt  by  the  workmen.  Also  ob- 
tained at  the  gypsmn  quarries  of  Montmartre,  near  Paris.  Also  found  at  Vesuvius,  at 
the  eruptions  of  1850  and  1855. 

The  floors  of  the  limestone  caves  of  Kentucky,  Tennessee,  and  Indiana,  are  in  many 
instances  covered  with  epsomite,  in  minute  crystals,  mingl^  with  the  earth.  In  the 
Mammoth  Cave,  Ky.,  it  adheres  to  the  roof  in  loose  masses  iDce  snowballs.  From  Lanunie 
Basin,  Wy.;  near  Leona  Heights,  Alameda  Co.,  Cal.;  Cripple  Creek,  Col. 

Goslarite.  ZnS04.7H20.  Commonly  massive.  Color  white,  reddish,  yellowish. 
Optically  —.  /9  =  1*480.  Formed  by  the  decomposition  of  sphalerite,  and  lound  in  the 
passages  of  mines,  as  at  the  Rammelsberg  mine  near  Groslar,  in  the  Harz  Mts.,  Germany, 
etc.  In  Mon.  at  the  Gagnon  mine,  Butte.  Ferro^oalarite  (4*9  p.  c.  FeS04)  occurs  with 
sphalerite  at  Webb  City,  Jasper  Co.,  Mo.  CuprogosUsrUe  (13 '4. p.  c.  CuSO*)  occurs  as  a 
li^t  greenish  blue  incrustation  on  the  wall  of  an  abandoned  zinc  mine  at  Galena,  Kan. 

Morenosite.  NiS04.7HsO.  In  acicular  crystals;  also  fibrous,  as  an  efflorescence. 
Color  apple-green  to  greenish  white.  /3  =  1*489.  A  result  of  the  alteration  of  nickel  ores, 
as  near  (Jape  Hortegal,  in  Galicia;  Riechelsdorf,  in  Hesse,  Germany;  Zermatt,  Switzerland, 
containing  magnesium. 

Melanterite  Group.     RSO4.7H2O.     Monoclinic 

Melanterite  FeS04.7H20                   1  1828  :  1  : 1  -5427    /3  =  75*^  44' 

Luckite  (Fe,Mn)S04.7H20 

MaUardite  MnS04.7H20 

Pisanite  (Fe,Cu)S04.7HaO           11609  :  1  :  1*5110            74°  38' 

Bieberite  C0SO4.7H2O                   1*1815  :  1  :  1*5325            75°  20' 

Cupromagnesite  (Cu,Mg)S04.7H20 

Boothite  CUSO4.7H2O                   1  1622  :  1  : 1  500              74°  24' 

Chalcanthite  CUSO4.5H2O                   Triclinic 

a  :  6  :  c  =  05656  : 1  :  0*5507;  a  =  82°  21',  fi  =  73°  11',  7  =  77°  37'. 

The  species  here  included  are  the  ordinary  vitriols.  They  are  identical  in 
general  formula  with  the  species  of  the  Epsomite  group,  and  are  regarded  as 
the  same  compound  essentially  under  oblique  crystallization.  The  copper 
sulphate,  chalcanthite,  diverges  from  the  others  in  crystallization,  and  con- 
tains but  5  molecules  of  water. 
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MELANTERITB. .  Copperas. 

Monoclinic.  Usually  capillary,  fibrous,  stalactitic,  and  ooncretion&r. 
also  massive,  pulverulent.  Cleavage:  c  (001)  perfect;  m  (110)  leas  so.  Fra  - 
ture  conchoidal.  Brittle.  H.  =  2.  G.  =  1'89^1*90.  Luster  vitreous.  Coi-^ 
various  shades  of  green,  passing  into  white;  becoming  yellowish  on  expoRir^. 
Streak  uncolored.  Subtransparent  to  traiislucent.  Taste  sweetish,  astni.- 
gent,  and  metaUic.  Optically  +.  2V  =  86°.  a  =  1-471.  ff  =  1-478.  7  = 
1-486; 

Comp.  —  Hydrous  ferrous  sulphate,  FeS04.7HtO  =  Sulphur  trioxii- 
28 '8,  iron  protoxide  25*9,  water  45-3  =  100.  Manganese  and  magnesiimj 
sometimes  replace  part  of  the  iron. 

Obs.  Proceeds  from  the  decomposition  of  pyrite  or  marcasite;  thus  near  Goslar  inrl- 
Hara  Mts,,  Germany;  Bodenmais  m  Bavaria;  Falun,  Sweden,  and  elsewhere.  Ususih* 
accompanies  pyrite  in  the  United  States,  as  an  efflorescence.  In  crystals  from  near  lje%.n 
Heights,  Alameda  Co.,  Cal.  Luckite  (1*9  p.  c.  MnO)  is  from  the  "  Lucky  Boy  "  miik', 
Butterfield  Cafion,  Utah. 

Mallardite.  MnS04.7HiO.  Fibrous,  massive;  colorless.  From  the  mine  "Luckr 
Boy,"  south  of  Salt  Lake,  Utah. 

Pisanita.  (Fe,Cu)S04.7HsO.  CuO  10  to  15  p.  c.  In  concretionary  and  stalactitj:- 
forms.  Ck)lor  blue.  From  Turkey.  From  Bingnam,  Utah;  Ducktown,  Tenn.j  npn 
Leona  Heights,  Cal. 

Salvadorite.  a  copper-iron  vitriol  near  pisanite.  From  the  Salvador  mine  Quetenx 
Chile. 

Biaberite.  C0SO4.7H1O.  Usually  in  stalactites  and  crusts.  Color  flesh-  and  rose-red. 
From  Bieber,  in  Hesse,  Germany,  etc. 

Boothite.  CuSO«.7HiO.  Usually  massive.  H".  -  2-2'5.  G.  »  1*94.  Color  blue, 
paler  than  chalcanthite.  Found  at  Alma  pyrite  mine,  near  Leona  Heights,  Alameda  Co^ 
and  at  a  copper  mine  near  Campo  Seco,  Calaveras  Co.,  Cal. 

CuPBOMAGNESiTB.     (Cu,Mg}S04.7HsO.    From  Vesuvius. 


CHALCANTHITB.    Blue  Vitriol. 

Trielinic.    Crystals  commonly  flattened  ||  p  (111).      Occurs  also  massive, 
stalactitic,  reniform^jometimes  with  fibrous  structure. 

Cleavage:  M  (110),  m  (110),  p  (111)  imperfect.  Fracture  conchoidal. 
Brittle.  H.  =  25.  G.  =  212-2 -30.  Luster  vitreous.  Color  Berlin-blue 
to  sky-blue,  of  different  shades ;  sometimes  a  little  greenish.  Streak  uncolored. 
Subtransparent  to  translucent.  Taste  metalUc  and  nauseous.  Optically  — . 
2V  =  56*^.     a  =  1-516.     /S  =  1539.     7  =  1'546. 

Comp.  —  Hydrous   cupric   sulphate,    CUSO4.5H2O  =  Sulphur   trioxide 
321,  cupric  oxide  31  8,  water  361  =  100. 

Pyr.,  etc.  —  In  the  closed  tube  yields  water,  and  at  a  higher  temperature  sulphur  tri- 
oxide. B.B.  with  soda  on  charcoal  yields  metallic  copper.  With  the  fluxes  reacts  for 
copper.  Soluble  in  water;  a  drop  of  the  solution  placed  on  a  surface  of  iron  coats  it  with 
metallic  copper. 

Obs.  —  Found  in  waters  issuing  from  mines  and  in  connection  with  rocks  containing 
chalcop^te,  by  the  alteration  of  wnich  it  is  formed;  thus  at  the  Rammelsbei^  mine  near 
Goslar  m  the  Harz  Mts.,  Germany;  Falun  in  Sweden;  Parys  mine,  An^lesea,  £ng^d;  at 
variousminesinCount>rWicklow,  Ireland;  Rio  Tinto  mine,  Spain;  Zajecar,  Servia.  From 
the  Hiwassee  copper  mine,  also  in  large  quantities  at  other  mines,  in  Folk  Co.,  Tenn.  In 
Ariz.,  near  Clifton,  Graham  Co.,  and  Jerome,  Yavapai  Co^;  in  Cal.  near  Leona  Heights, 
Alameda  Co. ;  from  Ely  and  Reno,  Nev. 

Syngenite.  Kaluzite.  CaS04.K^04.HiO.  In  prismatic  (monoclinic)  crystals.  Color- 
less or  milky-white.    /9  »  1  *517.     Ftom  Kalusz,  Galicia. 
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LOweita.  MgS04.NasS04.2iHiO.  Tetragonal.  Massive,  cleavable.  Ck)lor  pale  yel- 
low.    Index,  1*49.    From  IschI,  Austria. 

BlOdite.  Mg;S04.NaiS04.4HsO.  Crystals  short  prismatic,  monoclinic;  also  massive 
flrannlar  or  compact.  Colorless  to  greenish,  yellowish,  red.  Optically  — .  /3  »  1*488. 
From  the  salt  mines  of  Ischl  and  at  HaUstadt  (simonyiU),  Austria;  at  Stassfurt,  Germany; 
the  salt  lakes  of  Astrakhan  {astrahanite),  Asia;  India;  Chile,  etc.  From  Soda  Lake,  San 
Luis  Obispo  Co.,  Cal 

Leonite.  MgSO4.K1SO4.4H1O.  In  monoclinic  crystals  from  Westeregeln  and  Leo- 
poldshall,  Germany,    fi  »  1'487. 

Boossingaultite.  (NH4)sS04.MgS04.6HsO.  From  the  boric  add  lagoons,  Tuscany, 
Italy.     Index,  1474. 

Picromerite.  MgS04.K|S04.6Ht.O.  As  a  white  crystalline  incrustation.  Monoclinic. 
Optically  +•  fi  —  1*463.  From  Vesuvius  with  cyanochroite,  an  isomorphous  species  in 
wnich  copper  replaces  the  ma^esium.  Also  at  Stassfurt  (schoenite)  and  Aschersleben, 
Gfsmany;  Galusz  in  East  Galicia. 

Polyhalite.  2CaSO4.MgSO4.KsSO4.2HsO.  Triclinic.  Usually  in  compact  fibrous  or 
lamellar  masses.  Color  flesh-  or  brick-red.  Optically  — .  ^  »  1*562.  Occurs  at  the 
mines  of  Ischl,  Hallstadt,  etc.,  in  Austria;  in  Germany  at  Berchtesgaden,  Bavaria; 
Stassfurt,  Prussia. 

Hezahydrite.  MgS04.6H«0.  Columnar  to  fibrous  structure.  Cleavage  prismatic. 
G.  =  1*76.  Color,  white  with  light  green  tone.  Pearly  luster.  Opaque.  Saity,  bitter 
taste.  B.B.  exfoliates  and  yields  water  but  does  not  fuse.  Found  in  Lillooet  district, 
British  Columbia. 


Alum  Group.    Isometric 

RA1(S04)2.12H20  or  iuS04.Al2(S04)3.24H,0. 
Kalinite  Potash  Alum  KA1(S04)2.12H20 

Tschermigite  Ammonia  Alum  (NH4)Al(S04)2.12HtO 

Mendozite  Soda  Alum  NaAl(S04)2.12HsO 

The  Alxtms  proper  are  isometric  in  crystallization  and,  chemically,  are 
hydrous  sulphates  of  aluminium  with  an  alkali  metal  and  12  (i.e.,  if  the  for- 
mula is  doubled,  24)  molecules  of  water.  The  species  listed  above  occur  very 
sparingly  in  nature,  and  are  best  known  in  artificial  form  in  the  laboratory. 

The  Halotrichites  are  oblique  in  crystallization,  very  commonly  fibrous 
in  structure,  and  are  hydrous  sulphates  of  aluminium  with  magnesium,  man- 
ganese, etc. ;  the  amount  of  water  in  some  cases  is  given  as  22  molecules,  and  in 
others  24,  but  it  is  not  always  easy  to  decide  between  the  two.    Here  belong: 

Pickerinsite.    Magnesia  Alum.     MgS04.Al3(S04)«.22HsO.     In  long  fibrous  masses; 
and  in  efflorescences. 

Halotrichite.    Iron  Alum.    FeS04.Ali(S04)«.24HsO.    In  yellowish  silky  fibrous  forms. 
Index,  1.48. 

BiUnite.    FeS04.Fe2(S04)s.24HsO.    Radiating  fibrous.    Color  white  to  yellow.    From 
Schwaz,  near  Bilin,  Bohemia. 

Apjohnite.    Manganese  Alum.     MnS04.Al2(S04)s.24H20.     BushmaniU  contains  MgO. 
In  fibrous  or  asbestiform  masses;  also  as  crusts  and  efflorescences. 

Diatrichite.     (Zn,Fe,Mn)S04.Al,(S04)3.22H20. 


Coquimbite.  Fe2(S04)i.9H20.  Rhombohedral.  Granular  massive.  Color  white,  yel- 
lowish, brownish.  Optically  -j-.  «  =  1*550.  From  the  Tierra  Amarilla  near  Copiapo, 
Chile  (not  from  Coqmmbo). 

Qttanstedtite.  Fe3(SO4)«.10HsO.  In  reddish  tabular  crystals.  With  coquimbite, 
Chile. 
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IhlSite.  FeK(S04)t.l2HiO?  An  orange  yellow  efflorescence  on  graphite.  Frosn  } 
grau,  Bohemia.    Perhaps  identical  with  capiapUe, 

Alimoj;en.    Als(S04)s.l8H]0.    Usually  in  delicate  fibrous  masses  or  crusts;    inB5- 
Color  white,  or  tin^d  with  yellow  or  red.    From  near  Bilin,  Bohemia;  Bodenjoiais,  < 
many;  Pusterthal,  T3rrol,  Austria;  from  Vesuvius;  Elba.    F>om  Cripple  Creek,  l>>u:i 
Springs,  and  Alum  Gulch,  Col. 

DouGHTYiTE.  A  hydrated  aluminium  sulphate  deposited  by  the  alkaline  'vira.terB  o:  * 
Doughty  Springs  in  Col. 

Ejr5hnkite.  CuSO4.Na9SO4.2HfO.  Monoclinic  crystalline;  massive,  coarBely  fifvn  . 
Color  azure-blue.  Opticall^r  — .  ^  »  1*577.  From  Calama,  Atacama,  Chuquicam£' 
Autofagasta,  and  ColliBLhurasi,  Tarapadl,  Chile. 

Natrochalcite.    Cu4(OH)s(S04)8.NatS04.2HsO.     Monoclinic.    Habit   pyramidal,     r 
feet    basal    cleavage.    H.  »  4*5.    G.  «  2*3.    Color    bright    emerald-green.     ^  —  1  ^z 
Found  at  Chuquicamata,  Autofagasta,  ChUe. 

Philliptte.  Perhaps  CuS04.Fei(304)s.nHs0.  In  blue  fibrous  masses.  Found  at  i-. 
copper  mines  in  the  Cordilleras  of  Condes,  province  of  Santiago,  Chile. 

Ferronatrite.  3Na«S04.Fe»(S04)».t5HtO.  Rhombohedral.  Rarely  in  acicular  cryst.  - 
usually  in  spherical  forms.  Color  rareenish  or  gray  to  white.  Optically  +.  «  >»*l-55> 
From  Sierra  Gorda  near  Caracoles,  Chile. 

R5merite.  FeS04.Fe2(S04)s-14H20.  In  tabular  triclinic  crystals;  granular,  massiu 
Color  chesnut-brown.    fSx>m  Groslar  in  the  Haras  Mts.,  Germany;  Persia;  Chile. 


ic  Hydrous  Sulphates 

Langite.  Near  brochantite.  CuS04.3Cu(OH)2.HaO.  UsuaUy  in  fibro-lamellar,  cqd- 
cretionary  crusts.    Color  blue  to  greenish  blue.    From  Cornwall. 

Herrengnindite.  2(CuOH)jS04.Cu(OH)2.3H20  wth  one-fifth  of  the  copper  replaced 
by  calcium.  In  thin  tabular  monoclinic  crystals;  usually  in  spherical  groups.  Coicr 
emerald-green,  bluish  green.    From  Herrengrund«  Hungary. 

Vemadskite.  3CuS04.Cu(OH)2.4H20.  In  aj^gregates  of  minute  crystals.  H.  ==  3*5. 
Occurs  as  an  alteration  of  dolerophanite  at  Vesuvius. 

Kamarezite.    A  hydrous  basic  copper  sulphate  from  Laurion,  Greece. 

C^anotrichite.  Lettsomite.  Perhaps  4CuO.AliO».SOa.8HtO.  In  velvet-like  drupes:  ii: 
spherical  forms.  Color  bright  blue.  From  Moldawa  in  the  Banat,  Hungary;  Cap  Ga- 
ronne, France.    In  Utah  and  Arizona. 

Serpierite.  A  basic  sulphate  of  copper  and  zinc.  In  minute  crystals,  tabular,  in  tufts. 
Color  bluish  green.    From  Laurion,  Greece. 

Beaverite.  CuO.PbO.Fe2Os.2SOs.4HsO.  Hexagonal  ?  In  microscopic  plates.  Color, 
canary-yellow.  Refractive  index  >  1*74.  From  Bom  Silver  mine,  Frisco,  Beaver  Co., 
Utah. 

Vegasite.  PbO.3Fe2Os.3SOs.6HsO.  Hexagonal.  In  microscopic  fibrous  crystals,  some- 
times showing  hexagonal  plates.  Optically  — .  Indices,  1  '75-1  *82.  Found  in  YeUow  Pine 
district,  near  Las  Vegas,  Nev. 


COPIAPITE. 

Monoclinic.    Usually  in  loose  aggregations  of  crystalline  scales,  or  granular 
massive;  incrusting. 

Cleavage:  b  (010),  H.  =  2*5.  G.  =  2*103.  Luster  pearly.  Color  sul- 
phur-yellow, citron-yellow.  Translucent.  Optically—,  a  =  1*527.  p  = 
1*547.    7  =  1-572. 

Comp.  —  A  basic  ferric  sulphate,  perhaps  2Fe208.5SOs.l8H20  =  Sul- 
phur trioxide  38*3,  iron  sesquioxide  30*6,  water  31*1  =  100. 

Misy  is  an  old  term,  which  has  been  somewhat  vaguely  applied.     It  seems  to  bdong  in 
part  here  and  in  part  also  to  other  related  species.    Janoaite  is  identical  with  copiapite. 
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Pyr.,  etc.  —  Yields  water,  and  at  a  higher  temperature  sulphuric  acid.  On  charcoal 
be^comes  magnetic,  and  with  soda  affords  the  reaction  for  sulphuric  acid.  With  the  fluxes 
roacts  for  iron.    Soluble  in  water,  and  decomposed  by  boiling  water. 

Obs.  —  The  original  copiapite  was  from  Copiapo,  Chile.  Also  from  Elba  and  from 
near  Leona  Heights,  Alameda  Co.,  Cal. 

Other  hydrated  ferric  sulphates: 

Castanite^    Fe1O3.2SOs.8H1O.    Color  chestnut^brown.    From  Sierra  Gorda,  Chile. 

Utahite.  3FesOs.2SOs.7HtO.  In  aggregates  of  fine  scales.  Color  orange-yellow. 
P^rom  the  Tintic  district,  Utah;  Guanaco,'Taltal,  Chile.  Perhaps  identical  with  carpho- 
siderile, 

Amarantite.  FesOs.2SOs.7HsO.  Triclinic.  Usually  in  columnar  or  bladed  masses,  also 
radiated.  Color  amaranth-red.  From  near  Caracoles,  Chile.  Hokmannite  is  the  same 
r>artially  altered;  this  is  probably  also  true  of  paposite. 

Fibroferrite.  Fe^s.2SOs.lOHsO.  Orthorhombic.  In  delicately  fibrous  aggregates. 
Oolor  pale  yellow,  nearly  white.    From  the  Tierra  Amarilla  near  Copiapo,  Chile. 

Raimondite.  2FesOs.3SOs.7HsO.  In  thin  six-sided  tables.  Color  between  honey-  and 
ocher->rellow.  From  the  tin  mines  of  Ehrenfriedersdorf ;  mines  of  Bolivia.  Perhaps  iden- 
tical with  carphoftiderite, 

Carphosiderite.  3Fes03.4S08.7HsO.  In  reniform  masses,  and  incrustations;  also  in 
micaceous  lamellse.  Color  straw-yellow.  From  Greenland.  Utahite^  apaldile,  raHnon" 
dite  and  cyprusiU  are  probably  identical  with  carphosideriie. 

Planoferrite.  FesOs.SOs.l5HsO.  Orthorhombic?  In  rhombic  or  hexagonal  plates. 
Yellowish  green  to  brown.    From  near  Morro  Moreno,  Autofagasta,  Chile. 

Glockerite.  2FesOs.SOs.6HsO.  Massive,  sparry  or  earthy;  stalactitic.  Color  brown 
to  ocher-yellow  to  pitch-black;  dull  green.     From  Goslar,  Harz  Mts.,  Germany. 

Knoxvillite.  A  hydrous  basic  sulphate  of  chromium,  ferric  iron,  and  aluminium.  In 
rhombic  plates.  Color  greenish  yellow.  From  the  Reaington  mercury  mine,  Knoxville, 
Cal. 

Redingtonitb.  a  hydrous  chromium  sulphate,  in  finelv  fibrous  masses  of  a  pale 
purple  color.    From  Redmgton  mercury  mine,  Knoxville,  Cal. 

Cyprusite.  Perhaps  7FesOs.AlsOs.lOSOs.l4HsO.  An  a^Kregation  of  microscopic 
crystab.  Color  yellowish.  From  the  island  of  Cyprus.  Perhaps  identical  with  carpno- 
siderite. 

Aluminite  (Websterite).  AlsOs.SOj.9HsO.  Usually  in  white  earthy  reniform  masses, 
compact.  Index,  1*48.  From  near  Halle,  Germany,  in  clay;  also  at  "Newhaven,  Sussex, 
England,  and  elsewhere. 

Paraluminite.    Near  aluminite,  but  supposed  to  be  2AlsOs.SOs.l5HsO. 

FelsSblmyite.  2AlsOs.SOs.lOHsO.  Massive;  in  scaly  concretions.  Color  snow-white. 
From  near  Fels6b&nya,  Hungary. 

Botryogen.  Perhaps  MgO.FeO.Fe80s.4SOs.l8HsO.  Monoclinic.  Usually  in  reniform 
and  botryoidal  shapes.  Color  deep  hyacinth-red,  ocher-yellow.  /9  »  1  '548.  From  Falun, 
Sweden;,  also  from  Persia;  from  Lake  and  Napa  Cos.,  Cal. 

Sideronatrite.  2NasO.FesOs.4SOs.7HsO.  Fibrous,  massive.  Color  yellow.  From  the 
province  of  Tarapacd,  Chile.  Also  on  the  Urus  plateau,  near  Sarakaya,  on  the  island, 
Uheleken,  in  the  Caspian  Sea  (wruinte). 

Voltaite.  Perhaps  3(Ks,Fe)0.2(Al,Fe)sOs.6SOs.9HsO.  In  octahedrons,  etc.  Color 
dull  oil-green  to  brown  or  black.  From  the  solfatara  near  Naples;  Schmdlnitz,  Hungary; 
also  Persia. 

Metavoltine.  Perhaps  5(Ks,Nas,Fe)0.3Fe30s.l2S03.18HsO.  In  aggregates  of  minute 
yellow  scales.  Occurs  with  voltaite  in  Persia.  From  Vesuvius;  found  m  fumeroles  on 
islandis  of  Milo  and  Vulcano;  from  Miseno,  Italy. 

ALUNITE.    Alumstone. 

Rhqmbohedral.  Axis  c  =  1'2520.  In  rhombohedrons,  resembling  cubes 
(r/  lOll  A  1101  =  90°  50').  Also  massive,  having  a  fibrous,  granular,  or 
unpalpable  texture. 
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Cleavage:  c(OOOl)  distinct;  r  (lOTl)  in  traces.     Fracture  flat  conchoid 
uneven;  of  massive  varieties  splintery;  and  sometimes  earthy.    Brittle.    R  = 
3 '5-4.    G.  =  2 -58-2  752.     Luster  of  r  vitreous,  basal  plane  soine\rhat  pear. 
Color  white,  sometimes  grayish  or  reddish.    Streak  white.     TransparenT  : 
subtranslucent.    Optically  +.     w  =  1-572.    t  =  1-592. 

Comp.  —  Basic  hydrous  sulphate  of  aluminium  and  potassium,  K:A 
(OH)ii(S04)4  =  Sulphur  trioxide  38-6,  alumina  37*0,  potash  11-4,  water  13 1^  = 
100.    Sometimes  contains  considerable  soda,  natroalunite, 

Pyr..  etc.  —  B.B.  decrepitates,  and  is  infusible.     In  the  closed  tube  yields  w&ter.  ?i-i!l'> 
times  also  ammonium  sulphate,  and  at  a  higher  temperature  sulphurous  and  sulphi^    | 
oxides.     Heated  with  cobalt  solution  affords  a  fine  blue  color.    With  soda  and  charr  - 
infusible,  but  3delds  a  hepatic  mass.    Soluble  in  sulphuric  acid. 

Obs.  —  Forms  seams  in  trachytic  and  allied  rocKs,  where  it  has  been  formed  as  a  tr^.' 
of  the  alteration  of  the  rock  by  means  of  sulphurous  vapors:  as  at  Tolfa,  near  Civitaveocia. 
Italy;  in  Hungary:  on  Milo,  Grecian  Archipelago;  at  Mt.  Dore,  France;  Kinkwa.<rL 
Formosa.  In  the  United  States,  associated  with  diaapore,  in  rhombohedral  crystals,  t&b> 
lar  through  the  presence  of  c  (OOOl)  at  the  Rosita  Hills,  Custer  Co.,  and  froni  Red  Mt.,  C 
Marysvale,  Utah;  Goldfield  and  near  Sulphur,  Nev. 


,  *«i- 


JAROSITE. 

^Rhombohedral.  Axis  c  =  12492;  rr'  lOll  A  IlOl  =  90°  45',  cr  0001  .- 
lOTl  =  55**  16'.  Often  in  druses  of  minute  crystals;  also  fibrous,  granular 
massive;  in  nodules,  or  as  an  incrustation. 

Cleavage:  c  (0001)  distinct.  Fracture  uneven.  Brittle.  H.  =  2-5-3 %5. 
G.  =  3'15-3*26.  Luster  vitreous  to  subadamantine:  brilliant,  also  dull. 
Color  ocher-yellow,  yellowish  brown,  clove-brown.  Streak  yellow,  shining. 
OpticaUy  +.    «  =  174.    €  =  177. 

Comp.  —  KjFeeCOH)  12(804)4  =  Sulphur  trioxide  31*9,  iron  sesquixoide 
47-9,  potash  9*4,  water  108  =  100. 

Obs.  —  The  original  Gelbeisenerz  was  from  Luschitz,  between  Kolosoruk  and  Bilin. 
Bohemia,  in  brown  coal;  and  later  from  Modum,  Norway,  in  alum  slate.  The  jarosite  was 
from  Barranco  Jaroso,  in  the  Sierra  Almagrera,  Spain;  Schlaegenwald,  Bohemia;  £I1»: 
Chocaya,  Potosi,  Bolivia.  In  the  United  States  on  quartz  in  tne  Vulture  mine,  Ariz.;  in 
Chaffee  County,  Col.;  Tintic  district,  Utah;  Lawrence  Co.,  S.  D.;  Dona  Ana  Co.,  N.  M.; 
Bisbeo,  Ariz.;   Brewster  Co.,  Texas. 

Natroiarosite. '  NasFe6(OH)is(S04)4.  Rhombohedral.  In  minute  tabular  crystal^. 
Color  yellow-brown.    From  Soda  Springs  Valley,  Esmeralda  Co.,  Nev. 

Plumbojarosite.  PbFee(OH)i2(S04)4.  Rhombohedral.  In  minute  tabular  crystais. 
Color  dark  brown.    From  Cook's  Peak,  N.  M.,  and  in  Beaver  County,  Utah. 

Palmierite.  3(K,Na)iS04.4PbS04?  In  microscopic  plates,  often  hexagonal  in  outline. 
Colorless.    Fusible.    Found  in  fumerole  deposits  at  Vesuvius. 

Ldwigite.  Perhaps  KxO.3Al2Os.4SOs.9H2O.  In  rounded  masses,  similar  to  compact 
alunite.  Found  in  a  coal  bed  at  Tabrze  in  Upper  Silesia;  Mt.  Kinjal,  Northern  Caucasia; 
also  with  alunite  at  Tolfa,  Italy. 

Almeriite.  Na2S04.Al2(S04)a.5Al(OH)s.H20.  Compact.  White.  From  Almezia, 
Spain. 

Ettringite.  Perhaps  6CaO.Al20s.3SOs.33H20.  In  minute  colorless  acicular  ciystals. 
From  limestone-inclusions  in  lava,  near  Mayen,  Rhenish  Prussia;  Tombstone,  Ariz. 

Quetenite.  Mg0.Fej03.3S08.13H20.  Massive,  in  indistinct  crystals.  Color  reddish 
brown.     From  Quetena,  Chile. 

Zincaluminite.  2ZnS04.4Zn(OH)2.6Al(OH)«.5HsO.  In  minute  hexagonal  plates. 
Color  white,  bluish.     From  Laurion,  Greece. 

Johannite.  A  hydrous  sulphate  of  uranium  and  copper.  In  druses  or  reniform  masses 
of  a  green  color.    From  Joachimstal,  Bohemia. 

Gilpinite.  A  hydrous  sulphate  of  uranium  and  copper,  (Cu,Fe,Na2)O.UOj.SO>.4HjO. 
Probably  monoclinic.    In  mmute  lath-shaped  crystals.    Color  pale  gr^nish  yeUow  to 
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Etnary-yellow.    H.  ->  2.    G.  >  3*3.    Indices,  1 '57-1 '61.    Infusible.    Readily  soluble  in 
elds.     From  Gilpin  Co.,  Gol. 

TTnutopilite.    Perhaps  CaU^iOsi.25HiO.    In  velvety   incrustations;    yellow.    From 
oHanngeorgenstadt,  Germany. 

ZippeiUy  voglianUe^  wraconite  are  uncertain  uranium  sulphates,  from  Joachimstal, 
Bohemia.  

Minasragrita.  An  acid  hydrous  vanadvl  sulphate  (VsOi)Ht(S04)s.l5H|0.  Probably 
EKionodinic.  In  granular  ag^pregates,  small  mamndllary  masses,  or  in  spherulites.  Two 
cleavages.  Color  blue.  Indices  X*5 1-1*54.  Strongly  pleochroic,  deep  blue  to  colorless. 
Ekisily  fusible.  Soluble  in  cold  water.  Found  as  an  efflorescence  on  paJtronUe  from  Minas- 
r&gra,  Peru. 

RhombocUse.  A  hvdrated  acid  ferric  sulphate,  FeiOi.4SOi.9HsO.  In  rhombic  plates. 
Basal  cleavage.    Colorless.    Occurs  at  Saomolnok,  Hungary. 


Tellurates;  also  Tellurites,  Selenites 

Montanite.    BiiOs.TeOs.2EUO.    In  earthy  incrustations;   yellowish  to  white.    From 
Highland,  Mon.,  with  tetradymite. 

Emmonaite.    Probably  a  hydrated  ferric  tellurite.    In  thin  yeUow-green  scales.    From 
near  Tombstone,  Arix. 

Durdenite.    Hydrous  ferric  telluritei  Fei(TeOs)s.4HsO.    In  small  mammillary  forms; 
greenish  yellow.    Honduras. 

Chalcomenita.    Hvdrous  cupric  selenite,  CuSeOs.2HsO.    In  small  blue  monodinic 
ciystals.    From  the  Cerro  de  Cacheuta,  Argentina,  with  silver,  copper  selenides. 

MoLYBDOMENTTE  IS  lead  selcnitc  and  Cobaltombntte  probably  cobalt  selenite,  from 
the  same  locality  as  chaloomenite. 

Oxygen  Salts 

7.  TUNGSTATES,  MOLYBDATES 

The  monoclinic  Wolframite  Group  and  the  tetragonal  Scheelite  Group  are 
included  here. 

Wolframite  Group 

(Fe,Mn)W04    a  :  6  :  c  =  0-8300  :  1  :  0-8678     fi  =  89°  22' 
MnW04  0-8362  :  1  : 0-8668  89**  7*' 


Wolframite 
Hubnerite 


WOLFRAMTTB. 

Monoclinic.    Axes  a  :h  \  c^  0-8300  :  1  :  08678;    fi  =  89°  22'. 

mm"',  110  A  lIO  =  79**  23'.  ay\  100  A  102  »  62**  54'  IO20 

erf,         100  A  102  -  61**  64'.  ff.    Oil  A  Oil  -  81**  54'. 

Twins:  (1)  tw.  axis  c  with  a  (100)  as  comp.-face;  (2) 
tw.  pi.  k  (023),  Fig.  449,  p.  171.  Crystals  commonly 
tabular  ||  a  (100);  also  prismatic.  Faces  in  prismatic 
zone  vertically  i^riated.  Often  bladed,  lamellar,  coarse 
divei^nt  columnar,  granular. 

Cleavage:    h  (010)   very    perfect;    also   parting  || 
a  (100),  and  ||  t  (102).   Fracture  uneven.   Brittle.    H.  = 
5-5*5.    G.  =  7-2-7 '5.    Luster  submetallic.    Color  dark 
grayish  or  brownish  black.    Streak  nearly  black.  Opaque, 
magnetic,    fi  =  1*93. 


Sometimes  weakly 
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Comp.  —  Tungstate  of  iron  and  manganese  (Fe,Mn)W04.  Fe  :  Mn  = 
cliiefly  4  :  1  (FeO  189,  MnO  47  p.  c.)  and  2  :  3  (FeO  95,  MnO  140). 

Pyr.,  etc.  —  Fuses  B.B.  easilv  (F.  =  2-6-3>  to  a  globule,  which  has  a  crystalline  surf-  - 
and  IS  magnetic.  With  salt  of  phosphorus  gives  a  clear  reddish  yellow* ^lass  -vrhiie  i 
which  is  paler  on  cooling;  in  R.F.  becomes  dark  red;  on  charcoal  with  tin,  if  not  too  sst.- 
rated,  the  bead  assumes  on  cooling  a  ^een  color,  which  continued  treatment  in  R.F.  c^lds^- 
to  reddish  yellow.  With  soda  and  mter  on  platinum  foil  fuses  to  a  bluish  green  irnkgigRn^ 
Decomposed  by  aaua  regia  with  separation  of  tungstic  acid  as  a  yellow  powder.  Sui 
ciently  decomposed  by  concentrated  sulphuric  acid,  or  even  hydrochloric  acid,  to  givf  « 
colorless  solution,  which,  treated  with  metallic  zinc,  becomes  intensely  blue,  but  s>.«ja 
bleaches  on  dilution. 

Obs.  —  Wolframite  is  often  associated  with  tin  ores;  also  in  quartz,  with  native  bismu*!: 
scheelite,  pyrite,  ^ena,  sphalerite,  etc.  In  Bohemia  in  fine  crystals  at  Schlackenwa.-i 
Zinnwald,  Bohemia;  in  Germany  at  Schneeberg,  Freiberg,  Altenberg,  Neudorf ;  at  Ner- 
chinsk, Siberia;  Chanteloup,  near  Limoges,  France;  near  Kedruth  and  elsewhere  in  C<>it- 
wall  with  tin  ores.  From  Sardinia;  Greenland;  Central  Provinces,  India.  In  South 
America,  at  Oruro  in  Bolivia.    With  tin  stone  at  various  points  in  New  South  Wales. 

In  the  United  States  at  Lane's  mine,  Monroe,  Ck>nn.;  Flowe  mine,  Mecklenburg  Co, 
N.  C,  with  scheelite;  in  Mo.,  near  Mine  la  Motte;  Laurence  Co.,  S.  D.;  Boulder  Cc% 
Col^  Ariz. 

use.  —  An  ore  of  tungsten. 

Hiibnerita.  Near  wolframite,  but  containing  20  to  25  p.  c.  MnO.  Usually  in  bladf^J 
forms,  rarely  in  distinct  terminated  crystals.  Color  brownish  red  to  hair-brown  to  nearly 
black.  Streak  yellowish  brown,  greenish  gray.  Often  translucent,  fi  »  2*24.  Mammoth 
district,  Nev.;  Ouray  County,  Col.,  and  near  Silverton,  San  Juan  Co.;  Black  Hills,  S.  D.; 
Dragoon,  Ariz.    Also  in  Peru,  and  in  rhodochrosite  at  Adervielle  in  the  I^rrenees. 


Scheelite  Group.    Tetragonal-pyramidal 


Scheelite 
Cuprotungstite 

Cuproscheelite 
Powellite 
Stolzite 
Wulfenite 


CaW04 

CUWO4 

(Ca,Cu)W04 

Ca(Mo,W)04 

PbW04 

PbMo04 


pp'  (111  A  111)  -  79^  56i'     c  =  1-5360 


80°  1' 

c  =  1-5445 

80°  15' 

c  =  1-5667 

80°  22' 

c  =  1-5771 

The  Scheelite  Group  mcludes  the  tungstates  and  molybdates  of  calcium 
and  lead;  also  copper.  In  crystallization  they  belong  to  the  Pyramidal  class 
of  the  Tetragonal  System.    Wulfenite  is  probably  hemimorphic. 


SCHEELITE. 

Tetragonal-pyramidal.    Axis  c  =  1-5356. 


ee', 
1021 


101  A  Oil 
001  A  101 


72**  404'. 
56°  56'. 

1022 


PP\ 
cp, 

1028 


111  A  111 
001  A  111 


79""  55J'. 
65°  16i'. 

1024 


I 


i  I 


Forms:  0  (102),  c  (101),  i3  (113),  p  (HI),  A;  (515),  fc  (313),  «X131) 
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Twins:  (1)  tw.  pi.  a  (100),  both  contact-  and  penetration-twins  (Fig.  416, 
"p.  167).  Habit  octahedral,  also  tabular.  Synunetry  shown  by  faces  fc,  h,  8 
(Fig.  1023).    Also  reniform  with  columnar  structure;  massive  granular. 

Cleavage:  p  (111)  most  distinct;  e  (101)  interrupted.    Fracture  uneven. 

Brittle.    H.  =  4*5-5.    G.  ==  5'^-6-l.    Luster  vitreous,  inclining  to  adaman- 

"tine.     Color  white,  yellowish  white,  pale  yellow,  brownish,  greenish,  reddish. 

"Streak  white.    Transparent  to  translucent.     Optically  +.     Indices:    «  = 

1-918.     €  =  1-934. 

Comp.  —  Calcium  tungstate,  CaWOi  =  Tungsten  trioxide  80-6,  lime 
19-4  =  100. 

Molybdenum  is  usually  present  (to  8  p.  c).  Copper  may  replace  calcium,  see  cupro- 
scheelite. 

Pyr.,  etc.  —  B.B.  in  the  forceps  fuses  at  5  to  a  semi-transparent  glass.  Soluble  with 
borax  to  a  transparent  glass,  which  afterward  becomes  opaque  and  cr3rstalline.  With  saJt 
of  phosphorus  forms  a  glass,  colorless  in  outer  flame,  in  inner  green  when  hot,  and  fine 
blue  when  cold;  varieties  containing  iron  require  to  be  treated  on  charcoal  with  tin  before 
the  blue  color  appears.  In  hydrochloric  or  mtric  acid  decomposed,  leaving  a  yellow  powder 
soluble  in  ammonia.  The  hydrochloric  acid  solution  treatea  with  tin  and  boiled  assumes 
a  blue  color,  later  changing  to  brown. 

Obs.  —  Scheelite  is  usually  associated  with  crystalline  rocks,  and  is  commonl^^  found  in 
connection  with  cassiterite,  topaz,  fluorite,  apatite,  molybdenite,  or  wolframite,  in  quartz; 
also  associated  with  gold.  Tnus  at  Schlackenwald  and  Zinnwald,  Bohemia;  Altenberg, 
Saxony:  Riesengrund  in  the  Riesengebirge,  Germany;  the  Knappenwand  in  the  Unter- 
Bulzbacntal,  Tyrol,  Austria;  Carrock  Fells  in  Cumberland,  England;  Traversella  in  Pied- 
mont, Italy:  Meymac,  Corr^e,  France  (containing  Ta«Ot);  Sweden;  Pitk&ranta  in  Fin- 
land. In  New  South  Wales,  at  Adelong,  from  a  gold  mine;  New  Zealand,  massive;  Mt. 
Ramsay,  Tasmania,  with  cassiterite.    FVom  Sonora,  Mexico. 

In  the  United  States,  at  Lane's  Mine,  Monroe,  and  at  Trumbull,  Conn.;  Flowe  mine, 
Mecklenburg  Co.,  N.  C;  the  Mammoth  mining  district,  Nev.;  with  ^Id  at  the  Charity 
mine,  Warren's,  Idaho;  Lake  Co.,  Col.;  Atolia mining  field,  Cal.;  Wmte  Pine  Co.,  Nev.; 
Dragoon,  Ariz.    In  quartz  veins  in  Risborough  and  Marlow,  Beauce  county,  Quebec, 
tfae.  —  An  ore  of  tungsten. 

Cttprotungstite.  Cupric  tungstate.  CUWO4.  From  the  copper  mines  of  Llamuco,  near 
Santiago,  Cmle.  Cuproscheelite,  from  the  vicinity  of  La  Paz,  Lower  California,  is 
(Ca,Ci!i)W04,  with  6'8  p.  c.  CuO;  color  green.  From  Montoro,  Spain;  from  Yeoral,  New 
South  Wales. 

PoweUite.  Calciuip  molybdate  with  calcium  tungstate  (10  p.  c.  WOs),  Ca(Mo,W)04. 
In  minute  yellow  tetragonal  pyramids.  G.  =  4*349.  »  «  2*00.  From  western  Idaho; 
Houghton  Co.,  Mich.;  from  Llano  Co.,  Texas,  and  Nye  Co.,  Nev. 

Stolzite.  Lead  tungstate,  PbW04.  In  pyramidal  tetragonal  crystals.  H.  —  2*75-3. 
G.  -  7'87-8'13.  Color  green  to  gray  or  brown.  Optically  — .  w  =  2*269.  Zinnwald, 
Bohemia;  Sardinia;  Minas  Geraes,  Brazil;  Broken  Hill,  New  South  Wales.  From  Loud- 
ville,  Mass. 

Raspite.  Has  the  same  composition  as  stolzite,  but  is  referred  to  the  monoclinic 
system.  In  small  tabular  cr3rstals.  Color  brownish  yellow.  Index,  2*60.  From  the 
Broken  Hill  mines,  New  South  Wales;.  Minas  Greraes,  Brazil. 

ChiUagite.  3PbW04.PbMo04.  In  tabular  tetra^nal  crystals,  apparently  hemimorphic. 
Color  yelfow  to  brownish.    H.  »  3*5.    G.  »  7*5.    From  Chillagoe,  Queensland. 

WULFENITE. 

Tetragonal-pyramidal;  hemimorphic.    Axis  c  =  1*5771. 

cu,  001  A  102  =  38*  15'.  i*u',  102  A  012  =  51*  56'. 

ce,   001  A  101  -  67*  37'.  «',  101  A  Oil  -  73*  20'. 

cm  001  A  HI  »  65*  51'.  nn\   111  A  111  =  80*  22'. 

Crystals  commonly  square  tabular,  sometimes  extremely  thin;  less  fre- 
quently octahedral;  also  prismatic.  Hemimorphism  sometimes  distinct. 
Also  granularly  massive,  coarse  or  fine,  firmly  cohesive. 
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Cleavage:  n  (111)  very  smooth;  c  (001),  8  (113)  less  distinct.  Fractme 
subconchoidal.  Brittle.  H.  =  2-75-3.  G.  =  67-7-0.  Luster  resinous  at 
adamantine.    Color  wax-  to  orange-yeUow,  siskin-  and  olive-green,  yellowi^ 


1026 


1026 


1027 


ff^Y}  grayish  white  to  nearly  colorless,  brown;  also  orange  to  bright  red. 
Streak  white.  Subtransparent  to  subtranslucent.  Optically  n^ative. 
Indices:  <ar  =  2-402,  cr  =  2-304. 

Comp.  —  Lead  molybdate,  PbMo04  =  Molybdenum  trioxide  39'3,  lead 
oxide  60*7  »  100.    Calcium  sometimes  replaces  the  lead. 

Pvr.,  etc.  —  B.B.  decrej^itates  and  fuses  below  2.  With  salt  of  phosphorus  in  O.F.  ^ves 
a  yellowish  green  glass,  which  in  R.F.  becomes  dark  green.  With  soda  on  charcoal  yields 
metallic  lead.  Decomposed  on  evaporation  with  hydrochloric  acid,  with  the  formation  of 
lead  chloride  and  molybdic  oxide;  on  moistening  the  residue  with  water  and  adding  metallic 
zinc,  it  gives  an  intense  blue  color,  which  does  not  fade  on  dilution  of  the  liquid. 

Obs. -^Occurs  in  veins  with  other  ores  of  lead.  At  Bleiberg,  Carinthia;  Rezb^ya, 
Hungary;  Pribram,  Austria;  Moldawa  in  the  Banat,  Hungary';  Annaberg,  Schneeberg, 
Gennany;  Sardinia;  Broken  Hill,  New  South  Wales. 

In  the  United  States,  sparingly  at  the  Southampton  lead  mine,  and  at  Quincy,  Mass., 
and  near  Sing  Sing,  N.  Y.;  near  rhenixville.  Pa.;  at  the  Comstock  lode  and  at  Eureka  in 
Nev. ;  in  large  thin  oranse-yellow  tables  at  the  Teoomah  mine,  Utah.  In  N.  M.,  pale  yedlow 
crystals  in  the  Organ  Mts.  In  Aris.,  large  deep  red  crvstals  at  the  Hamburg  and*  other 
mmes,  Yuma  C!o.,  often  with  red  vanadinite;  also  at  the  Castle  Dome  district,  30  miles 
distant;  at  the  Mammoth  gold  mine  near  Oracle,  Pinal  Co.,  with  vanadinite  and  descloizite. 

Named  after  the  Austrian  mineralogist  WOlfen  (172^-1805). 

Use.  —  An  ore  of  molybdenum. 


Reinite.  Ferrous  tungstate,  FeWO^.  In  blackish  brown  tetragonal  pyramids,  perhaps 
pseudomorphous.    H.  «  4.    G.  »  6*64.    Kimbosan,  Japan. 

Koechlinite.  A  molybdate  of  bismuth,  BigOs.MoOs.  Orthorhombic.  In  minute  tabu- 
lar crystals.  Cleavage,  a  (100).  Color,  greenish  yellow.  Index,  2 '55.  Easily  fusible. 
From  Schneeb^^  Saxony,  Germany. 

Ferritongstite.  FesOs.WO3.6HtO.  In  microscopic  hexagonal  plates.  Color  pale  yel- 
low to  brownish  vellow.  Decomposed  by  acids  leaving  yellow  tun^stic  oxide.  Product  of 
oxidation  of  Wolframite  from  Germania  Tungsten  mine.    Deer  Trail  district.  Wash. 


Vn.  SALTS  OF  ORGANIC  ACIDS 
Oxalates,  Mellates 

Whewellite.    Calcium  oxalate,  CaCi04.HsO.    In  itoall  colorless  monoclinic  crystals. 
Optically  + .    /S  »  1*555.    From  Saxony,  with  coal;  also  from  Bohemia  and  Alsace. 

Oxammita.    Ammonium  oxalate,  (NH4)sCt04.2HsO.    From  the  guano  of  the  Gualiape 
Islands,  Peru. 
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Humboldtine.    Hydrous  ferrous  oxalate,  FeCs04.2HfO.    Orthorfaombic.    Color  yellow. 
^   "»  1*561.    From  near  Bilin,  Bohemia;  Capo  d'Arco,  Elba. 

BAellite.  Hydrous  aluminium  mellate,  A12CuOm.18H20.  In  square  tetragonal  pyra- 
mids;  also  massive,  granular.  G.  =  1*55-1*65.  Color  honey-yellow.  C^tically  — . 
CO  »  l'5d9.    Occurs  in  brown  coal  in  Thuringia,  Bohemia,  etc. 


Vm.  HYDROCARBON   COMPOUNDS 

The  Hydrocarbon  compounds  in  general,  with  few  exceptions,  are  not  hamoffeneous  9tt6- 
stanceSf  but  mixtures,  which  by  the  action  of  solvents  or  by  fractional  distillation  may  be 
separated  into  two  or  more  component  parts.  They  are  hence  not  definite  mineral  species 
ctnd  do  not  strictlv  belong  to  pure  Mineralogy,  rather,  with  the  recent  gums  and  resins,  to 
Ohemistry  or,  so  far  as  they  are  of  practical  value,  to  Economic  Geology.  In  the  following 
pages  they  are  treated  for  the  most  part  with  great  brevity. 


1.    Simple  Hydrocarbons.     Chiefly  members  of  the  Paraffin  Series  CnHsn+2. 

ScHEERERiTE.  In  whitish  monoclinic  crystals.  Perhaps  a  polymer  of  marsh-gas 
(CH4).     Found  in  brown  coal  at  Uznach,  Switzerland. 

Hatchettite.  Mountain  Tallow.  In  thin  plates,  or  massive.  Like  soft  wax.  Color 
yellowish.  Indices,  1*47-1 '50.  Ratio  of  C  to  H  =  nearly  1  :  1.  From  the  Coal-measures 
near  Merth3rr-Tydvil  in  Glamorganshire,  England;  from  Galicia. 

Pabaffin.  a  native  crystallized  paraffin  has  been  described  as  occurring  in  cavities 
in  basaltic  lava  near  Patemo,  Sicily.    Indices,  1*49-1 '52. 

OzocERrTE.  Mineral  wax  in  part.  Like  wax  or  spermaceti  in  appearance  and  consis- 
tency. Colorless  to  white  when  pure;  often  leek-green,  yellowish,  brownish  yellow,  brown. 
Indices,  1*51-1*54.  Essentially  a  paraffin,  and  consisting  chiefly  of  one  of  the  higher  mem- 
bers of  the  series.  Occurs  in  beds  of  coal,  or  associatedbituminous  deposits,  as  at  Slanik, 
Moldavia;  Roumania;  Boryslaw  in  the  Carpathians.  Also  occiu's  in  southern  Utah  on  a 
large  scale. 

ZietriaikUe,  Chrismatiie,  UrpetkUe  are  near  ozocerite. 

FiCHTELiTB.  In  white  monoclinic  tabular  cr3rsta]s.  Perhaps  CftHg.  Occmrs  in  thin 
layers  of  pine  wood  from  peat-beds,  near  Redwitz,  in  the  Fichtelgebirge,  Bavaria;  from 
Borkovic,  Bohemia.    Harlite  has  a  similar  occurrence. 

Napalite.  a  yellow  bituminous  substance  of  the  consistency  of  shoemaker's  wax. 
CsH4.    From  the  Phcenix  mercury  mine  in  Pope  Valley,  Napa  county,  Cal. 


2.  Oxygenated  Hydrocarbons 

Amber.  In  irregular  masses,  with  conchoidal  fracture.  H.  =  2-2*5.  G.  »  1*006. 
Luster  resinous.  Cmor  yellow,  sometimes  reddish,  brownish,  and  whitish,  often  clouded, 
sometimes  fluorescent.  Transparent  to  tr&nslucent.  Heated  to  150°  begins  to  soften, 
and  finally  melts  at  250*'-300°.     Ratio  for  C  :  H  :  O  =  40  :  64  :  4. 

Part  of  the  so-called  amber  is  separated  mineralogicaUy  as  succinite  (yielding  succinic 
acid).  Other  related  fossil  resins  from  manv  other  regions  (e.g.,  the  Atlantic  coast  of  the 
United  States)  have  been  noted.  Some  of  them  have  been  called  reiinite,  gedaniie,  glessite, 
rumanite,  simetite,  kranUsite,  chemawinite,  dekUynite,  etc. 

Amber  occurs  abundantly  on  the  Prussian  coast  of  the  Baltic  from  Dantzig  to  Memel: 
also  on  the  coasts  of  Denmark,  Sweden,  and  the  Russian  Baltic  provinces.  It  is  minea 
extensively,  and  is  also  found  on  the  shores  cast  up  by  the  waves  after  a  heavy  storm. 
Amber  and  the  similar  fossil  resins  are  of  vegetable  ori^n,  altered  by  fossilization;  this  is 
inferred  both  from  its  native  situation  with  coal,  or  fossil  wood,  and  from  the  occurrence  of 
insects  incased  in  it.  Amber  was  early  known  to  the  ancients,  and  called  iiXtKrpov, 
ekclrum,  whence,  on  account  of  its  electrical  susceptibilities,  has  been  derived  the  word 
electricUy. 

Copalite,  or  Highgate  resin,  is  from  the  London  blue  clay.  It  is  like  the  resin  copal  in 
hardness,  color,  luster,  transparency,  and  difficult  solubility  in  alcohol.  Color  clear  pale 
yellow  to  dirty  gray  and  dirty  brown.    Emits  a  resinous  aromatic  odor  when  broken. 
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The  following  are  oxygenated  hydrocarbons  occurring  with  coal  and  peat  deposifB,  etc.: 

Bathvillitb.  Occurs  in  dull,  brown,  porous  lumps  in  the  torbanite  or  Boghead  coal 
(of  the  Carboniferous  formation)  adjoining  the  lands  of  Torbane  Hill,  Bathville,  Scotland. 
It  may  be  an  altered  resin,  or  else  material  which  has  filtrated  into  the  cavity  from  tiie 
surrounding  torbanite. 

Tasmanite.  In  minute  reddish  brown  scales  disseminated  through  a  laminated  shale; 
average  diameter  of  scales  about  0*03  in.  Not  dissolved  at  all  by  alcohol,  ether,  beox^ie. 
turpentine,  or  carbon  disulphide,  even  when  heated.  Remarkable  as  yielding  5*3  p.  c, 
sulphur.  From  the  river  Mersey,  north  side  of  Tasmania;  the  rock  is  called  combustibte 
shale, 

Dtsodile.  In  very  thin  foUa,  flexible,  slightly  elastic;  yellow  or  greenish  gray.  Analy- 
sis gave  2*3  p.  c.  sulphur  and  1  '7  p.  c.  nitrogen.  From  lignite  deposits  at  Memi,  Sicily,  and 
elsewhere. 

Geocerite.  a  white,  wax-like  substance,  separated  from  the  brown  coal  of  Gesterwitz, 
near  Weissenfels.    Geomyricite  and  geocereUUe  are  other  products  from  the  same  source. 

Lettcopetrite.  Also  from  the  Gesterwitz  brown  coal.  Between  a  resin  and  wax  in 
physical  characters. 

Pyroretinite.    From  brown  coal  near  Aussig,  Bohemia. 

DopPLERiTE.  In  elastic  or  partly  jelly-like  masses;  brownish  black.  An  add  sub- 
stance, or  mixture  of  different  acids,  related  to  humic  acid.  Ratio  for  C,  H,  O,  nearly 
10  :  12  :  5.    From  peat  beds  near  Aussee  in  Styria;  Fichtelgebirge,  Bavaria. 

Idrialite.  Occurs  with  the  cinnabar  of  Idria.  In  the  pure  state  white  and  crystalline 
in  structure.  In  nature  found  only  impure,  being  mixed  with  cinnabar,  day,  and  some 
pyrite  and  gypsum  in  a  brownish  black  earthy  material,  called,  from  its  combustibility 
and  the  presence  of  mercury,  inflammable  cinnabar, 

Posepntte.  Occurs  in  hard,  brittle  plates  or  nodules,  light  green  in  color.  From  the 
Great  Western  mercury  mine.  Lake  Co.,  Cal.    See  also  napsuite,  p.  645. 

Flagstafftte.  CisHs/)s-  Orthorhombic.  In  minute  prisms.  Colorless,  n  =  1*51. 
G.  =  1'092.    Found  in  cracks  of  buried  tree  trunks,  near  Flagstaff.  Ariz. 


The  following  are  still  more  complex  native  hydrocarbon  compounds  of  great  importance 
from  an  economic  standpoint. 

Petroleum.     Naphtha;  Petroleum.     Mineral  oil.    Kerosene. 

Pfftabphalt:  Maltha.     Mineral  Tar. 

Liquids  or  oils,  in  the  crude  state  of  disagreeable  odor;  var^ng  widely  in  color,  from 
colorless  to  dark  yellow  or  brown  and  nearly  black,  the  greenish  brown  color  the  most 
common;  also  in  consistency  from  thin  flowing  kinds  to  those  that  are  thick  and  viscous; 
and  in  specific  gravity  from  0*6  to  0*9.  Petroleum,  proper,  i>asses  by  insensible  gradations 
into  piUasphall  or  maltha  (viscid  bitumen) ;  and  the  latter  as  insensibly  into  aaphaU  or  solid 
bitumen. 

Chemically,  petroleum  consists  for  the  most  part  of  members  of  the  paraflSn  smes, 
CnH2n+s«  varying  from  marsh  gas,  CH4,  to  the  solid  forms.  The  olefines,  CnHm,  are 
also  present  in  smaller  amount.  This  is  especially  true  of  the  American  oils.  Tliose  of  th^ 
Caucasus  have  a  higher  density,  the  volatile  constituents  are  less  prominent,  they  distill  at 
about  150°  and  contain  the  benzenes,  CnHm-c  in  considerable  amount.  There  are  present 
also  members  of  the  series  CnHm-s-  The  German  petroleum  is  intermediate  between  the 
American  and  the  Caucasian.  The  Canadian  petroleum  is  especially  rich  in  the  solid 
paraffins. 

Petroleum  occurs  in  rocks  or  deposits  of  nearly  all  geological  ages,  from  the  Lower 
Silurian  to  the  present  epoch.  It  is  associated  most  abundantly  with  argillaceous  shales, 
sands,  and  sandstones,  but  is  found  also  permeating  limestones,  giving  them  a  bituminous 
odor,  and  rendering  them  sometimes  a  considerable  source  of  oil.  Ttom  these  oleiferous 
shales,  sands  and  limestones  the  oil  often  exudes,  and  appears  floating  on  the  streams  or 
lakes  of  the  region,  or  rises  in  oil  springs.  It  also  exists  collected  in  subterranean  cavities 
in  certain  rocks,  whence  it  issues  in  jets  or  fountains  whenever  an  outlet  is  made  byf>oring. 
The  oil  which  fills  the  cavities  has  ordinarily  been  derived  from  the  subjacent  rocks;  for 
the  strata  in  which  the  cavities  exist  are  frequently  barren  sandstones.  The  conditions 
reciuired  for  the  production  of  such  subterranean  accumulations  would  be  therefore  a  bitu- 
minous oil-bearing  or  else  oil-producing  stratum  at  a  greater  or  less  depth  below;  cavities 
to  receive  the  oil;  an  overl3ring  stratum  of  close-grained  shale  or  limestone,  not  allowing  (A 
the  easy  escape  of  the  naphtha  vapors. 
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The  important  petroleum  districts  in  the  United  States  are:  (1)  The  Appalachian  in- 
cluding fields  in  N.  Y..  Pa.,  Ohio,  W.  Va.,  Ky.,  Tenn.,  (2)  The  Ohio-Indiana,  (3)  Illinois, 
(4)  Kansas-Oklahoma,  (5)  LouisianarTexas,  (6)  California,  (7)  Wyoming.  In  Canada  oil 
cluefly  produced  in  Ontario.  Important  fidds  in  Mexico  from  Tampico  to  Tuxpam.  The 
chief  foreign  districts  are  in  the  Baku  region,  Russia,  in  Galicia  and  Roumania,  also  in 
Borneo. 

Aspbaltum.    Mineral  Pitch.    Asphalt. 

Asphaltum,  or  mineral  pitch,  is  a  mixture  of  different  hydrocarbons,  part  of  which  are 
oxygenated.  Its  ordinary  characters  are  as  follows:  Amorphous.  G.  »  1-1*8;  some- 
times hiffher  from  impurities.  Luster  like  that  of  black  pitch.  Color  brownish  black 
and  blacK.  Odor  bitiuninous.  Melts  ordinarily  at  90°  to  100°,  and  bums  with  a  bright 
flame.  Soluble  mostly  or  wholly  in  oil  of  turpentine,  and  partly  or  wholly  in  ether;  com- 
monly partly  in  alcohol.  The  more  solid  kinds  graduate  into  the  pittasphalts  or  mineral 
tar,  and  through  these  there  is  a  gradation  to  petroleum.  The  fluid  kinds  change  into  the 
solid  by  the  loss  of  a  vaporizable  portion  on  exposure,  and  also  by  a  process  of  oxidation, 
which  consists  first  in  a  loss  of  hydrogen,  and  finally  in  the  oxygenation  of  a  portion  of  the 
maas.  The  action  of  heat,  alcohol,  ether,  naphtha  and  oil  of  turpentine,  as  well  as  direct 
analyses,  show  that  the  so-called  asphaltum  from  different  localities  is  very  various  in  com- 
position. 

Asphaltum  belongs  to  rocks  of  no  particular  age.  The  most  abundant  deposits  are 
superncial.  But  these  are  generally,  if  not  always,  connected  with  rock  deposits  contain- 
ing some  kind  of  bituminous  material  or  vegetable  remains.  Some  of  the  noted  localities 
of  asphaltum  are  the  region  of  the  Dead  Sea,  or  Lake  Asphaltites,  whence  the  most  of  tiie 
asphaltum  of  ancient  writers;  a  lake  on  Trinidad,  1}  m.  in  circuit,  which  is  hot  at  the 
center,  but  is  solid  and  cold  toward  the  shores,  and  has  its  borders  over  a  breadth  of  }  m. 
covered  with  the  hardened  pitch  with  trees  flourishing  over  it;  at  various  places  in  South 
America;  in  California,  near  the  coast  of  St.  Barbara;  also  in  smaller  quantities,  elsewhere. 

Elatertte.  Elastic  Bitumen.  Mineral  Caoutchouc.  Soft,  elastic,  sometimes  much 
like  india-rubber:  occasionally  hard  and  brittle.  Color  usually  dark  brown.  Found  at 
Castleton  in  Deroyshire,  and  elsewhere. 

Alberttte.  Differs  from  ordinary  asphaltum  in  being  only  partially  soluble  in  oil  of 
tujnpentine,  and  in  its  very  imperfe<5t  fusion  when  heated.  H.  ==  1-2.  G.  «  1  '097.  Luster 
brilliant,  pitch-like;  color  jet-black.  Occurs  filling  an  irregular  fissure  in  rocks  of  the 
Lower  Carboniferous  in  Nova  Scotia.  Impsonite  from  Impson  valley,  Indian  Territory,  is 
like  albertite  except  that  it  is  almost  insoluble  in  turpentine. 

Grahamitb.  Resembles  albertite  in  its  pitch-black,  lustrous  appearance.  H.  »  2. 
G.  =  1'145.  Soluble  mostly  in  oil  of  turpentine;  partly  in  ether,  naphtha  or  benzene;  not 
at  all  in  alcohol;  wholly  in  chloroform  and  carbon  disulphide.  Melts  only  imperfectly,  and 
with  a  decomposition  of  the  surface.  Occurs  in  W.  Va.,  about  20  m.  S.  of  Parkersburg, 
filling  a  fissure  in  a  Carboniferous  sandstone;  from  Kunda,  Esthonia,  Russia. 

GiusoNiTE,  also  called  UirUahite  or  Uintaite.  A  variety  of  asphalt  from  near  Ft.  Du- 
chesne, Utah,  which  has  found  many  applications  in  the  arts.  Occurs  in  masses  several 
inches  in  diameter,  with  conchoidal  fracture;  very  brittle.  H.  =  2-2*5;  G.  =  1*066-1 '070. 
Color  black,  brilliant  and  lustrous;  streak  and  powder  a  rich  brown.  Fuses  easily  in  the 
flame  of  a  candle  and  bums  with  a  brilliant  flame,  much  like  sealing-wax.  Named  after 
Mr.  S.  H.  Gilson  of  Salt  Lake  City. 

NiGRTTE  is  a  variety  of  asphaltum  from  Utah. 

Mineral  Coal.  Compact  massive,  without  crystalline  structure  or  cleavage;  sometimes 
breaking  with  a  degree  of  regularity,  but  from  a  jointed  rather  than  a  cleavage  structure. 
Sometimes  laminated;  often  faintly  and  delicately  banded,  successive  layers  differing 
slightly  in  luster.  Fracture  conchoidal  to  uneven.  Brittle:  rarely  somewhat  sectile. 
H.  =  0*5-2 '5.  G.  =  1-1*80.  Luster  dull  to  brilliant,  and  either  earthv,  resinous  or  sub- 
metallic.  Color  black,  grayish  black,  brownish  black,  and  occasionally  iridescent;  also 
sometimes  dark  brown.  Opaque.  Infusible  to  subfusible;  but  often  becoming  a  soft, 
pliant  Of  paste-like  mass  when  heated.  On  distillation  most  kinds  afford  more  or  less  of 
oily  and  tarry  substances,  which  are  mixtures  of  hydrocarbons  and  paraffin. 

The  varieties  recognized  depend  parti v  (1)  on  the  amount  of  the  volatile  ingredients 
afforded  on  destructive  distillation;  or  (2;  on  the  nature  of  these  volatile  compounds,  for 
ingredients  of  similar  composition  may  differ  widdy  in  volatility,  etc.;  (3)  on  structure, 
luster  and  other  physical  characters. 

Coal  is  in  genertu  the  result  of  the  gradual  change  which  has  taken  place  in  geological 
history  in  organic  deposits,  chiefly  vegetable,  and  its  form  and  composition  depend  upon 
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the  extent  to  which  this  change  has  gone  on.  Thus  it  passes  from  forms  which  still  retain 
the  original  structure  of  the  wood  (peat,  lignite)  and  through  those  with  less  of  volatile  or 
bituminous  matter  to  anthracite  ana  further  to  kinds  which  approach  graphite. 

1.  Anthracite.  H.  =  2-2*5.  G.  =  1*32-1*7.  Luster  bn^t,  often  submetallic,  iron- 
black,  and  frequently  iridescent.  Fracture  conchoidal.  Volatile  matter  after  drj'ing  3-6 
p.  c.  Burns  with  a  feeble  flame  of  a  pale  color.  The  anthracites  of  Pennsylvania  contain 
ordinarily  85-93  per  cent  of  carbon;  those  of  South  Wales,  88-95;  of  France,  80-83;  of 
Saxony,  81;  of  southern  Russia,  sometimes  94  per  cent.  Anthracite  graduates  throu^ 
semi-anthracite  into  bituminous  coal,  becoming  less  hard  and  containing  more  volatile 
matter;  and  an  intermediate  variety  is  called  free-bumiTig  anthracite. 

2.  Bituminous  Coal.  Bums  in  the  fire  with  a  yellow,  smoky  flame,  and  gives  out  on 
distillation  hydrocarbon  oils  or  tar;  hence  the  name  bituminous.  The  ordinary  bituminous 
coals  contain  from  5-15  p.  c.  (rarely  16  or  17)  of  oxygen  (ash  excluded);  while  the  so-called 
broion  coal  or  lignite  contains  from  20-36  p.  c,  after  the  expulsion,  at  100°,  of  15-^  p.  c.  of 
water.  The  amount  of  hydrogen  in  each  is  from  4-7  p.  c.  Both  have  usually  a  Drij^t, 
pitchy,  greasy  luster,  a  firm  compact  texture,  are  rather  fragile  compared  with  anthracite, 
and  have  G.  =  1*14-1*40.  The  orotcn  coals  have  often  a  brownish  black  color,  whence  the 
name,  and  more  oxygen,  but  in  these  respects  and  others  they  shade  into  ordinary  bitumin- 
ous coals.  The  ordmary  bituminous  coal  of  Pennsylvania  has  G.  «  1*26-1*37;  of  New- 
castle, England,  1*27;  of  Scotland,  1*27-1*32;  of  France,  1*2-1*33;  of  Belgium,  1*27-1*3. 
The  most  prominent  kinds  are  the  following: 

(a)  Cakinp  or  Coking  Coal.  A  bituminous  coal  which  softens  and  becomes  pasty  or  semi- 
viscid  in  the  fire.  This  softening  takes  place  at  the  temperature  of  incipient  decomposition, 
and  is  attended  with  the  escape  of  bubbles  of  gas.  On  increasing  the  heat,  the  volatile 
products  which  result  from  the  ultimate  decomposition  of  the  softened  mass  are  driven  off, 
and  a  coherent,  grayish  black,  cellular  or  fritted  mass  (coke)  is  left.  Amount  of  coke  left 
(or  part  not  volatile)  varies  from  50-85  p.  c. 

(6)  Non-Caking  Coal.  Like  the  preceding  in  all  external  characters,  and  often  in  ulti- 
mate composition;  but  burning  freely  without  softening  or  any  appearance  of  incipient 
fusion.    There  are  all  gradations  between  caking  and  non-caking  .bituminous  coals. 

(c)  Cannd  Coal  (Parrot  Coal).  A  variety  of  bituminous  coal,  and  often  caking*  but 
differing  from  the  preceding  in  texture,  and  to  some  extent  in  composition,  as  shown  oy  its 
products  on  distillation.  It  is  compact,  with  little  or  no  luster,  and  without  any  appearance 
of  a  banded  structure:  and  it  breaks  with  a  conchoidal  fracture  and  smooth  surface;  color 
dull  black  or  grayish  olack.  On  distillation  it  affords,  after  drying,  40  to  66  p.  c.  of  vola- 
tile matter,  and  the  material  volatilized  includes  a  lar^e  proportion  of  burning  and  lubri- 
cating oils,  much  larger  thim  the  above  kinds  of  bituminous  coal;  w^hence  it  is  extensivelj' 
used  for  the  manufacture  of  such  oils.  It  graduates  into  oil-producing  coaly  shales,  the 
more  compact  of  which  it  much  resembles.  Torbanite  is  a  variety  of  cannel  coal  of  a  dark 
brown  color,  from  Torbane  Hill,  near  Bathgate,  Scotland;  also  called  Boghead  Cannel. 

(d)  Brown  Coal  (Lignite).  The  prominent  characteristics  of  brown  oo^  have  already 
been  mentioned.  They  are  non-caking,  but  afford  a  large  proportion  of  volatile  matter; 
sometimes  pitch-black,  but  often  rather  dull  and  brownish  black.  G.  =  1  '15-1  *3.  Brown 
coal  is  often  called  lignite.  But  this  term  is  sometimes  restricted  to  masses  of  coal  which 
still  retain  the  form  of  the  original  wood.  Jet  is  a  black  variety  of  brown  coiU,  compact  in 
texture,  and  taking  a  good  pmish,  whence  its  use  in  jewelry. 

Coal  occurs  in  be(&,  interstratified  with  shales,  sandstones,  and  conglomerates,  and 
sometimes  limestones,  forming  distinct  layers,  which  vary  from  a  fraction  of  an  inch  to  30 
feet  or  more  in  thickness.  In  the  United  States,  the  anthracites  occur  east  of  the  AUe^iany 
range,  in  rocks  that  have  under^ne  great  contortions  and  fracturings,  while  the  bitumin- 
ous coals  are  found  extensively  m  many  States  farther  west,  in  rocks  that  have  been  less 
disturbed;  and  this  fact  and  other  observations  have  led  geologists  to  the  view  that  the 
anthracites  have  lost  their  bitumen  by  the  action  of  heat.  The  origin  of  coal  is  mainly 
vegetable,  thou^  animal  life  has  contributed  somewhat  to  the  result.  The  beds  were  once 
beds  of  vegetation,  analogous,  in  most  respects,  in  mode  of  formation  to  the  peat  beds  of 
modem  times,  yet  in  mode  of  burial  often  of  a  very  different  character.  This  vegetable 
origin  is  proved  not  only  bv  the  occurrence  of  the  leaves,  stems  &nd  logs  of  plants  in  the  coal, 
but  also  oy  the  presence  throughout  its  texture,  in  many  cases,  of  the  forms  of  the  original 
fibres;  also  by  tne  direct  observation  that  peat  is  a  transition  state  between  unaltered  vege- 
table debris  and  brown  coal,  being  sometimes  found  passing  completely  into  true  brown 
coal.  Peat  differs  from  true  coal  in  want  of  homogeneity,  it  visibly  containing  vegetable 
fibers  only  partially  altered;  and  wherever  changed  to  a  fine-textured  homogeneous  ma- 
terial, even  though  hardly  consolidated,  it  mav  be  true  brown  coal. 

For  an  account  of  the  chief  coal  fields,  as  also  of  the  geological  relations  of  the  different 
coal  deposits,  reference  is  made  to  works  on  Economic  Geology. 
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ON  THE  DRAWING  OF  CRYSTAL  FIGURES 


In  the  representation  of  ciystals  by  figures  it  is  customary  to  draw  their  edses  as  if  they 
were  projected  upon  some  definite  plane.  Two  sorts  of  projection  are  used;  the  or^iO' 
graphic  in  which  the  lines  of  projection  fall  at  right  angles  and  the  cUnographic  where  they 
fall  at  oblique  angles  upon  the  plane  of  projection.  The  second  of  these  projections  is  the 
more  important,  and  must  be  treated  here  in  some  detail.  Two  points  are  to  be  noted  in 
regard  to  it.  In  the  first  place,  in  the  drawings  of  cnrstals  the  point  of  view  is  supposed  to 
be  at  an  infinite  distance,  and  it  follows  from  this  that  all  lines  which  are  parallel  on  the 
crystal  appear  varaUd  in  the  drawing. 

In  the  secona  place,  in  all  ordinary  ca^es,  it  is  the  complete  ideal  crystal  which  is  repre- 
sented, that  is,  the  crystal  with  its  full  geometrical  synunetry  as  explained  on  pp.  10  to 
13  (cf.  note  on  p.  13). 

In  general,  orawines  of  crystals  are  made,  either  by  constructing  the  figure  upon  a 
projection  of  its  crystal  axes,  using  the  intercepts  of  the  different  faces  upon  the  axes  in  order 
to  determine  the  directions  of  the  edges  or  by  constructing  the  figure  from  the  gnomonic 
(or  stereographic)  projection  of  the  crystal  forms.  Both  of  these  methods  have  their 
advantages  and  disadvantages.  By  drawing  the  crystal  figure  by  the  aid  of  a  projection 
of  its  crystal  axes  the  synunetry  of  the  crystal  and  the  relations  of  its  faces  to  the  axes  are 
emphasized.  In  many  cases,  however,  drawing  from  a  projection  of  the  poles  of  t^e 
crystal  faces  is  simpler  and  takes  less  time.  The  student  should  be  able  to  use  both  methods 
and  consequently  both  are  described  below. 

DRAWING  OF  CRYSTALS  UPON   PROJECTIONS  OF  THEIR 

CRYSTAL   AXES 

Projection  of  the  Axes 

The  projection  of  the  particular  axes  required  is  obviously  the  first  step  in  the  process. 
These  axes  can  be  most  easily  obtained  by  making  use  of  the  Penfield  Anal  Protractor, 
illustrated  in  Fig.  1030.  *  The  customary  curections  of  the  axes  for  the  isometric,  tetragonal, 
orthorhombic  and  hexagonal  systems  are  given  on  the  protractor  and  it  is  a  simple  matter, 
as  explained  below,  to  determme  the  directions  of  the  inclined  axes  of  the  monoclinic  ana 
tri clinic  systems.  Penfield  drawing  charts  giving  the  projection  of  the  isometric  axes, 
which  are  easily  modified  for  the  tetragonal  and  orthorhombic  systems,  and  of  the  hexag- 
onal axes,   (see  Figs.  1031,  1032)  are  also  quite  convenient. 

Isometric  System.  —  The  following  explanation  of  the  making  of  the  projection  of  the 
isometric  axes  has  been  taken  lareely  from  Penfield's  description,  f 

Figure  1033  will  make  clear  the  principles  upon  which  the  projection  of  the  isometric 
axes  are  based.  Figure  1033A  is  an  orthographic  projection  (a  j^n^  as  seen  from  above) 
of  a  cube  in  two  positions,  one,  ab  c  d,  in  what  may  be  called  normal  position,  the  other, 
A  B  C  D,  after  a  revolution  of  18°  26'  to  the  left  about  its  vertical  axjs.  The  broken- 
dashed  lines  throughout  represent  the  axes.  Figure  1033B  is  likewise  an  orthographic 
projection  of  a  cube  in  the  position  A  B  C  Z>  of  A,  when  viewed  from  in  front,  the  eye 
or  point  of  vision  being  on  a  level  with  the  crystal.  In  the  position  chosen,  the  ap- 
parent width  of  the  side  face  B  C  B'  C  ia  one-third  that  of  the  front  face  A  B  A'  B'^  this 
being  dependent  upon  the  angle  of  revolution  18°  26',  the  tangent  of  which  is  equal  to  \, 
To  construct  the  angle  18°  26',  draw  a  perpendicular  at  any  point  on  the  horizontal  Une, 
X  ^  Yy  figure  1033A  as  at  o,  make  op  equal  one-third  Oo^  and  join  0  and  p.  The  next 
step  in  the  construction  is  to  change  from  orthographic  to  clinographic  projection.  In 
order  to  give  crystal  figures  the  appearance  of  soHdity  it  is  supposed  that  tne  eye  or  point 

*  The  various  Penfield  crystal  drawing  apparatus  may  be  obtained  from  the  Mineralogical.Laboratory  of  the 
Sheffield  Scientific  School  of  Yale  University,  New  Haven,  Conn. 
t  On  Crystal  Drawing;  Am.  J.  So.,  19, 39, 1905. 
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Protractor  for  plotting  crvHtallographic  axes;  one-third  natural  site  (after  Penfield) 
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of  vision  is  raiaed»  so  that  one  looks  down  at  an  angle  upon  the  crystal;  thus^in  the  case 
under  considerationi  figure  1033C,  the  top  face  of  the  cube  comes  into  view.    The  position 
of  the  crystal^  however,  is  not  changed,  and  the  plane  upon  which  the  projection  is  made 
remains  vertical.    From  A  it  may  be  seen  that  the 
positive  ends  of  the  axes  ai  and  Ot  are  forward  of  the 
line  XY,  the  distances  aix  and  ot  y  being  as  3  :  1.     In 
H  it  must  be  imagined,  and  by  the  aid  of  a  model  it 
may  easily  be  seen,  that  the  extremities  of  these  same 
axes  are  to  the  front  of  an  imaginary  vertical  plane  (the 
projection  ot  XY  above)  passing  through  the  center  of 
the  crystal,  the  distance  being  the  same  as  ai  x  and  Ot 
y  of  the  plan.     In  D  the  distance  ax  is  drawn  the 
same  length  as  a\X  of  the  plan,  and  the  amount  to 
which  it  is  supposed  that  the  eye  is  raised,  indicated 
by  the  arrow,  is  such  that  a,  instead  of  being  projected 
horizontally  to  x,  is  projected  at  an  inclination  of  9° 
28'  from  the  horizontal  to  to,  the  distance  xw  being  one- 
sixth  of  ox;  hence  the  angle  9^  28'  is  such  that  its 
tangent  is  \.     Looking  down  upon  a  solid  at  an  angle, 
and  still  making  the  projection  on  a  vertical  plane,  may 
be   designated  as  dinographic  'projection;  accordingly, 
to  plot  the  axes  of  a  cube  in  clinographic  projection 
in   conformity  with  figures  A,  B  and  D  draw   the 
horizontal  construction  line  hk^  figure  C,  and  cross  it    B 
by  four  perpendiculars  in  vertical  alignment  with  the 
points  ai,  ~  a\  and  Os,  —  oi  of  figures  A  and  B.     Then 
determine  the  extremities  of  the  first,  ai,  —  ai  axis  by 
laying  off  distances  eoual  to  xw  of  figure  D,  or  one- 
sixth  oi  X  of  figure  A,  locating  them  below  and  above 
the  horizontal  line  hk.    The  line  ai,  —  ai  is  thus  the 
projection  of  the  first,  or  front-to-back  axis.     In  like 
manner  determine  the  extremities  of  the  second  axis, 
os,  —  os,  by  laying  off  distances  equal  to  one-thirc^Jno 
of  figure  D,  or  onensixth  a^  of  figure  A,  plotted  below 
and  above  the  line  Kk,    The  line  Os,  —  Os  is  thus 
projection  of  the  second,  or  ri^t-to-left  axis.    It  is 
important  to  keep  in  mind  that  in  clinographic  projec- 
tion there  is  no  foreshortening  of  vertical  distances. 
In  figure  C  the  axis  os,  —  Os  is  somewhat,  and  ai,  —  oi 
much  foreshortened,  yet  both  represent  axes  of  the^ 
same  length  as  the  vertical,  at,  —  as.     '  ^ 

It  is  wholly  a  matter  of  choice  that  the  ande  of    ^ 
revolution  shown  in  figure  1033A  is  18**  26',  and  that  t>      i 
the  eye  is  raised  so  as  to  look  down  upon  a  crystal  at  Development  of  the  axes  of  the 
an  angle  of  9**  28'  from  the  horizontal,  as  indicated  by      isometric  system  in  ortho^phic 
figure  1033D.     Also  it  is  evident  that  these  angles  may      f^^     clino^aphic      projection 
be  varied  to  suit  any  special  requirement.    As  a  mat-      (after  Penfield) 
ter  of  fact,  however,  the  angles  18''  26'  and  9°  28'  have 

been  well  chosen  and  are  established  by  long  usage,  and  practically  all  the  figures  in  clin- 
ographic projection,  found  in  modem  treatises  on  crystallography  and  mineralogy,  have 
been  drawn  in  accordance  with  them. 

Tetaigonal  and  Orthorhombic  Systems.  —  The  projection  of  tetragonal  and  orthor- 
hombic  axes  can  be  easily  obtained  from  the  isometnc  axes  by  modifying  the  lengths  of  the 
various  axes  to  conform  to  the  axial  ratio  of  the  desired  crystal.  For  instance  with  zircon 
the  vertical  axis  has  a  relative  length  of  c  »  0.64  in  respect  to  the  equal  lengths  of  the  hori- 
zontal axes.  By  taking  0.64  of  the  unit  length  of  the  vertical  axis  of  the  isometric  projec- 
tion the  crystal  axes  for  a  zircon  figure  are  obtained.  The  Penfield  axial  charts  all  give 
decimal  parts  of  the  unit  length  of  the  isometric  vertical  axis,  so  that  any  proportion  of 
this  length  can  be  found  at  once.  In  the  orthorhombic  system  the  lengths  of  both  the  a 
and  c  axes  must  be  modified.  The  desired  point  upon  the  c  axis  can  be  obtained  as  de- 
scribed above.  In  the  case  of  the  a  axis  the  required  point  can  be  found  by  some  simple 
method  of  construction.  If,  as  is  the  case  in  the  Penfield  charts,  a  plan  of  the  unforeshort- 
ened  horizontal  axes  is  given  in  a  top  view,  the  desired  length  can  be  laid  off  directly  upon 
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the  a  axis  in  this  orthoppraphic  projection  by  means  of  the  decimal  scale  and  then  piojeetpf* 
vertically  down  upon  its  clinographic  projection.  Or  the  proper  distance  can  be  laid  fc 
on  the  vertical  axis  and  then  by  means  of  a  line  drawn  from  this  point  parallel  to  a  I^^ 
joining  the  extremities  of  the  c  and  a  axes  of  the  isometric  projection  the  proper  proportioL^ 

part  of  the  a  axis  can  be  determined  by  intersection. 

1034 


Hexagonal  System.  —  For  projecting  the  hexagonal 
exactly  the  same  principles  may  be  made  use  of  as  ire^ 
employed  in  the  construction  of  the  isometric  axes.  Hfur^ 
1034A  is  an  ortho^phic  projection,  a  plan,  of  a  hexagoe^ 
prism  in  two  positions,  one  of  them,  Oi,  Os,  etc.,  after  a 
revolution  of  18*^  26'  from  what  may  be  cidled  normal  posi- 
tion. In  figure  1034B  the  extremities  of  the  horizontal  axes 
of  A  have  been  projected  down  upon  the  horizontal  construc- 
tion line  hk,  and  Oi,  at  and  —  at  which  are  forward  of  tbr 
line  XY  in  A  are  located  below  the  line  hk  in  the  chn- 
ographic  projection,  the  distances  from  hk  being  one-fiixtli 
of  oix,  OM  and  —  092  of  A.  Figure  1034C  is  a  scheme  for 
getting  ^e  distances  which  the  extremities  of  the  axes  are 
dropped.  The  vertical  axis  in  1034B  has  been  givoi  the 
same  length  as  the  axes  of  the  plan. 

Monodmic  System.  —  In  the  case  of  the  monoclinie 
axes  the  inclination  and  length  of  the  a  axis  must  be 
determined  in  each  case.  The  axial  chart.  Fig.  IGSO.  can 
be  most  conveniently  used  for  this  purpKMse.  The  ellipee 
in  the  figure,  lettered  A,  C,  —  A,  —  C  gives  the  trace  of 
the  ends  of  the  a  and  c  axes  as  they  are  revolved  in  the 
A  —  C  plane.  To  find,  therefore,  the  inclination  of  the  a 
axis  it  IS  only  necessary  to  lay  off  the  angle  fi  by  means 
of  the  gp^uation  given  on  this  ellipse.  The  unit  length  of 
the  a  axis  may  be  aetermined  in  various  ways.  The  plan  of 
the  axes  given  at  the  top  of  the  chart  may  be  used  for  this 
purpose.  Fig.  1035  will  illustrate  the  meUiod  of  procedure 
as  applied  in  the  case  of  orthoclase,  where  ^  =  64**  and 
a  »  0.66.    The  foreshortened  length  of  the  a  axis  is  de- 
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Development  of  the  axes  of 
the  hexagonal  system   in 

orthographic  and  clin-  _      

ographic  projection  (after  termTned  as  inicated  widThen  this  length  can  be  projected 
Fenneld)  vertically  downward  upon  the  inclined  a  axis,  the  direction 

of  which  has  been  previously  determined  as  described  above. 
Triclinic  Svstem.  —  In  the  construction  of  tnclinic  axes  the  inclination  of  the  a  axis 

and  its  len^h  are  determined  in  exactly  the  same  manner  as  described  in  the  preceding 

paragraph  m  the  case  of  the  monoclinic  system.    The  direction  of  the  b  axis  is  determined 

as  follows.    The  vertical  plane  of  the  b  and  c  axes  is 

Vevolved  about  the  c  axis  through  such  an  angle  as 

will  conform  to  the  angle  between  the  pinacoids 

100  and  010.    Care  must  be  taken  to  note  whether 

this  plane  is  to  be  revolved  toward  the  front  or 

toward  the  back.    If  the  angle  between  the  normals 

to  100  and  010  is  greater  than  90""  the  right  hand 

end  of  this  plane  is  to  be  revolved  toward  the  front. 

Fi^re  1036,  which  is  a  simplified  portion  of  the 

axial  chart,  shows  the  necessary  construction  in 

order  to  obtain  the  direction  of  the  b  axis  in  the 

case  of  rhodonite  in  which  100  A  010  »  94°  26'  and 

a  "  103""  18'.    The  plane  of  the  b-c  axes  will  pass 

through  the  point  p  which  is  94°  26'  from  -a.    To 

locate  the  pomt  &',  which  is  the  point  where  the  b 

axis  would  emerge  from  the  sphere,  draw  through 

the  point  p  two  or  more  chords  from  points  where 

the  vertical  ellipses  of  the  chart  cross  the  horizontal 

eUipse,   as  lines  a-p.  -a~p.  &-p,  in  figure    1036. 

Then  from  points  on  these  same  vertical  eUipses 

which  are  13°  18'  below  tiie  horizontal  plane  oraw  ^ 

chords  parallel  to  the  first  series  as  x-x'^  y-y',  z-z\    The  pomt  where  these  three  chords 

meet  determines  the  position  of  6'  and  a  Ime  from  this  point  drawn  through  the  center  of  the 
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iSLTt  determines  the  direction  of  the  6  axis,  since  it  lies  in  the  proper  vertical  plane  and 

ia^kes  the  anele  a,  103°  18',  with  the  c  axis.    The  foreshortened  length  of  the  b  axis  can 

e   determinea  by  the  use  of  the  orthographic  projection  of  the  a  ando  axes  at  the  top  of 

ae  chart  in  exactly  the  same  manner  as  descnbed  under  the  monoclinic  B3rstem  and  the 

»oiiit  thus  determined  ma^r  be  projected  vertically  downward  upon  the  hne  of  the  b  axis 

»f  the   dinographic  projection  as 

(.Iready  determmed.     It  must  be  1086 

'cmembered.    however,  that  the 

^>osition  of  the  b  axis  in  the  ortho- 

^iX^'Phic  projection  must  conform 

to    the   position  of  the  plane  of 

the  &  and  e  axes  or  in  the  case  of 

rhodonite  have  its  right  hand  end 

at   an  angle  of  94''  26'  with  the 

negative  end  of  the  projection  of 

the  a  axis. 

Drawing  of  Crystal  Figures  by 
Aid  of  Projections  of  fheir 
Axes.  —  In  order  to  determine  in 
the  drawing  the  direction  of  any 
edge  between  two  crvstal  faces  it 

is  necessary  to  establish  two  points,  both  of  which  shall  be  common  to  these  two  faces. 
A  line  connecting  two  such  points  will  obviously  have  the  desired  direction.  The  posi- 
tions of  these  pomts  is  commonly  established  by  use  of  the  linear  or  Quendstedt  projec- 
tion as  explained  in  the  following  paragraphs,  which  have  been  taken  almost  verbatim 
from  Penfield's  description  of  the  process. 

The  principle  upon  which  the  linear  projection  is  based  is  very  simple:  Every  face  of  a 
crystal  (akifted  if  necessary,  bvi  without  change  of  direction)  is  made  to  intersect  the  vertical 
CLxis  at  UNITY y  and  then  Us  intersection  wUh  the  horizontal  jAane,  or  the  plane  of  the  a  and  b 
axis  is  indicated  b(f  a  line.  For  instance  if  a  given  face  has  the  indices  111  it  is  clear  that 
its  linear  projection  would  be  a  line  passing  through  la  and  lb,  since  the  face  under  these 
conditions  will  also  pass  through  Ic.     If,  however,  the  indices  of  the  face  are  112  it  will 

only  pass  through  1/2  c  when  it  passes  through  la  and  16.  In 
order  to  fulfill,  therefore,  the  requirements  of  the  linear  projec- 
tion that  the  plane  should  pass  through  Ic  the  indices  must 
be  multiplied  by  two  and  then  under  these  conditions  the  line 
in  which  the  plane  intercepts  the  horizontal  plane,  or  in  other 
words  the  linear  projection  of  the  face,  will  pass  through  2a  and 
2b.  In  the  case  of  a  prism  face  with  the  indices  110,  its  linear 
projection  will  be  a  line  having  the  same  direction  as  a  line  join- 
mg  la  and  lb  but  passing  through  the  point  of  intersection  of 
these  axes,  since  a  vertical  plane  such  as  a  prism  can  only 
pass  through  Ic  when  it  also  includes  the  c  axis  and  so  must 
nave  its  linear  projection  pass  through  the  point  of  intersection 
of  the  three  axes.  •- 

When  it  is  desired  to  find  the  direction  of  an  edge  made  by  the 
meeting  of  any  two  faces,  the  lines  representing  the  linear  projec- 
tion of  the  faces  are  first  drawn,  and  the  point  where  they  inter- 
sect is  noted.  Thus  a  point  common  to  both  faces  is  deter- 
mined, which  is  located  in  the  plime  of  the  a  and  b  axes.  A 
second  point  common  to  the  two  faces  is  unity  on  the  vertical 
axis,  and  a  line  from  this  point  to  where  the  fines  of  the  linear 
projection  intersect  gives  tne  desired  direction. 

A  simple  illustration,  chosen  from  the  orthorhombic  system, 
will  serve  to  show  how  the  linear  projection  may  be  employea 
in  drawing.  The  example  is  a  combination  of  barite,  such  as 
is  shown  in  figure  1037.    The  axial  ratio  of  barite  is  as  follows: 

a-.b.c^  0-8152  :  1  :  1-3136 
The  forms  shown  in  the  figure  and  the  symbols  are,  base  c  (001), 
prism  m  (110),  brachydome  o  (Oil)  and  macrodome  d  (102). 

Figure   1038  represents  the  details   of  construction  of  the 

orthographic  and  dinographic  projections  shown  in  fi^re  1037. 

On  the  orthographic  axes  the  axial  lengths  a  and  6  are  located,  the  vertical  axis  c  being 
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foreshortened  to  a  point  at  the  center.  On  the  clinographic  axes,  centered  at  O,  the  end^ 
of  the  axes  a  and  6  are  located  by  dropping  perpendiculars  from  corresponding  poin:.^ 
above,  and  the  length  of  the  vertical  axis  1*316  is  laid  off  above  and  below  O  by  meaiL^ 
of  the  scale  of  decimal  parts,  at  points  marked  1  and  —  i  in  the  figure.  The  lines  of 
the  linear  projection  neeaedfor  the  two  sets  of  axes  are  as  follows:  For  the  brachydom^ 
o,  Oil,  the  lines  xz  and  xV,  throui^  h  parallel  to  the  a  axis  :    For  the  macrodome  d^  102 

1038 


(2a  :  00  6  :  c),  the  hnes  xy  and  x*y'y  through  2a  parallel  to  the  b  axis:  The  prism  m  (110) 
is  parallel  to  the  vertical  axis,  hence  in  order  that  such  a  plane  shall  satisfy  the  con- 
ditions of  the  linear  projection  and  pass  through  itnity  on  the  vertical  axis,  it  must  be 
considered  as  shifted  (without  change  of  direction)  until  it  passes  throu^  the  center: 
Its  linear  projection  therefore  is  represented  by  the  lines  yz  and  y'z^j  parallel  to  the 
directions  la  to  lb  on  the  two  sets  of  axes.  Since  a  linear  projection  is  made  on  the 
plane  of  the  a  and  b  axes,  the  intersection  of  any  face  with  tne  oase  (001)  has  the  same 
direction  as  the  line  representing  its  linear  projection.  It  is  well  to  note  that  the  inter- 
sections Xf  y  and  z  and  x\  y'  and  z'  are  in  vertical  alignment  with  one  another. 

Concerning  the  drawing  of  figure  lOdS,  it  is  a  simple  matter  to  proportion  the  general 
outline  of  the  barite  crystal  in  orthographic  projection.  The  direction  of  the  edge  between 
dy  102,  and  o,  Oil,  is  determined  by  finding  the  point  x,  where  the  lines  of  the  linear  pro- 
jection of  d  and  o  intersect,  and  drawing  the  edge  parallel  to  the  direction  from  x  to  the 
center  c.  The  intersection  of  the  prism  m,  110,  witn  d  and  o  is  a  straight  line,  parallel  to 
the  direction  la  to  lb  or  t/  to  /.  To  construct  the  clino-raphic  figure,  at  some  convenient 
point  beneath,  the  axes  the  horizontal  middle  edges  of  the  crystal  may  be  drawn  parallel 
to  the  a  and  6  axes,  their  lengths  and  intersections  being  determined  by  carrying  down 
perpendiculars  from  the  orthographic  projection  above.    The  intersection  between  d, 
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02,  and  o.  Oil,  is  determined  by  finding  the  point  x*  of  the  linear  projection  and  drawing 
.he  edge  parallel  to  the  direction  from  x'  to  1  {unUy)  on  the  vertical  axis,  while  the  corre- 
ipondins  direction  below  is  parallel  to  the  direction  x'  to  —  7.  The  size  of  the  prism  m, 
L 10,  and  its  intersections  with  d  and  0  may  all  be  determined  by  carrying  down  perpendicu- 
ATS  from  the  orthographic  projection  above,  but  it  is  well  to  control  the  directions'  by 
means  of  the  linear  projection:  The  edges  between  m,  110,  and  d,  102:  and  m,  110,  and 
9,  Oil,  are  parallel  respectively  to  the  directions  y*  to  1  and  z'  to  /.  Having  completed 
a.  figure,  a  copy  free  from  construction  lines  may  be  had  by  placing  the  drawing  over  a 
clean  sheet  of  paper  and  puncturing  the  intersections  of  all  edges  with  a  needle-point: 
An  accurate  tracing  may  then  be  made  on  the  lower  paper. 

Should  it  happen  that  the  linear  projection  made  on  the  plane  of  the  a  and  b  axes  gives 
intersections  far  removed  from  the  center  of  the  figure,  a  linear  projection  may  be  madfe  on 
the  clinographic  axes  either  on  the  plane  of  the  a  and  c  or  6  ana  c  axes,  supposing  that  the 
faces  pass,  respectively,  through  unity  on  the  b  or  the  a  axes. 

Importance  of  an  OrtfaM^raphic  in  connection  with  a  Clinperaphic  Projection.  —  Many 
students,  on  commencing  the  study  of  crystallography,  fail  to  oerive  the  benefit  they  should 
from  the  figures  given  in  text-books.    Generally 
clinographic  projections  are  given  almost  exclus- 
ively, with   perhaps  occasiomd  basal  or  ortho- 
graphic projections,  and  beginners  find  it  hard 
to  reconcile  many  of  the  figures  with  the  ap>- 
pearance  of  the  models  and  crystals  which  they 
are  intended  to  represent.     For  example,  given 
only  the  clinographic  projection  of  barite,  figure 
1037,  it  takes  considerable  training  and  knowledge 
of  the  projection  employed  to  ^ain  from  the  figure 
a  correct  idea  of  the  proportions  of  the  crystal 
which  it  actually  represents.    This  may  be  shown 
by  comparing  figures  1037  and  1039,  which  rep- 
resent the  same  crystal,  drawn  one  with  the  a, 
the  other  with   the  6  axis  to  the  front.    It  is 

seen  from  figure  1039  that  the  crystal  is  far  longer  in  the  direction  of  the  a  axis  than  one 
would  imagine  from  insiiection  of  only  the  clinographic  projection  of  figure  1037.     The 

front  or  a  axis  is  much  foreshortened  in  clinographic  projection, 
consequently  by  the  use  of  only  this  one  kind  of  projection  there 
is  a  two-fold  tendency  to  err;  on  the  one  hand,  m  drawing,  one 
is  inclined  to  represent  those  edges  running  parallel  to  the  a 
axis  bv  lines  which  are  considerably  too  long,  while,  on  the 
other  hand,  in  studying  figures  there  ia  a  tendency  to  regard 
them  as  representing  crystals  which  are  too  much  compressed 
in  the  direction  of  the  a  axis.  By  using  orthographic  m  con- 
nection with  clinographic  projections  these  tendencies  are  over- 
come. Having  in  mmd  the  proportions  of  a  certain  crystal,  or 
having  at  hand  a  model,  it  is  easy  to  construct  an  orthographic 
projection  in  which  the  a  and  b  axes  are  represented  with  their 
true  proportions;  then  the  construction  of  a  clinographic  projec- 
tion of  correct  proportions  follows  as  a  comparatively  simple 
matter.  Without  an  orthographic  projection  it  would  have  been 
a  difiicult  task  to  have  constructed  the  clinographic  projection 
of  figure  1039  wth  the  proportions  of  the  intercepts  upon  the 
a  and  b  axes  the  same  as  in  figure  1037,  while  with  the  ortho- 
graphic projection  orientated  as  in  figure  1039  it  was  an  easy 
matter.  A  combination  of  the  two  projections  ia  preferable  in 
many  cases  and  from  the  two  figiu'es  a  proper  conception  of 
the  development  of  the  crystal  may  be  had. 

Drawing  of  Twin  Crystals.  —  The  axial  protractor  furnishes  a 
convenient  means  for  plotting  the  axes  of  twin  crystals.  The 
actual  operation  will  diner  with  different  problems  but  the  gen- 
eral methods  are  the  same.  The  two  examples  given  will  illus- 
trate these  methods. 

(1).    To  plot  the  axes  for  the  staurolite  twin  shown  in  Fig.  IO4O. 

In  this  case   the   twinning    plane   is  parallel    to   the  crystal 

face  23S  which  has  the  axial   intercepts   of  -3/2a,  6,  -3/2c. 

For  staurolite,  a  :  6  :  c  =  0'473  :  1  :  0'683,  while  the  ^  and  p  angles  of  the  twinning  plane 
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are,  ^  «  010  A  230  »  54"*  37'  and  p  »  OOl  A  232  «  60""  31'.    To  insure  accuracy  in  pbt- 

tingy  the  full  lengths  of  the  axes  of  the  protractor  have  been  regarded  as  unity.     The  fijst 

step  is  to  locate  on  the  clinographic  projection  the  position  of  the  twinning  pbuie,  &t 

This  is  shown  in  Fig.  1041  as  the  tiiangie 
from  -  3/2a  to  &  to  -  3/2c.  The  next  step  is 
to  find  the  position  of  the  twinning  axis 
which  will  be  normal  to  this  plaiie.  The 
coordinates  of  this  twinning  axis  are  given 
by  the  ^  and  p  angles  Quoted  above.  The 
point  p  which  is  54°  37'  back  from  tlie  pole 
to  010  or  &  marks  the  place  where  the  nonnal 
to  the  pnsm  face  230  would  emerge  from  the 
sphere.  The  normal  to  232,  which  is  the 
twinning  axis  will  emerge  on  the  ooeridian 
that  runs  through  the  point  p  and  at  such  a 
distance  below  it  that  it  will  make  the  angte 
60^  31'  with  the  negative  end  of  the  c  tLxis. 
Chords  are  drawn  to  p  from  the  points  where 
the  a  and  h  axes  meet  the  equator  of  the 
sphere  and  then  chords  parallel  to  these  are 
(£rawn  from  the  points  x,  y  and  z  which  are  in 
each  case  60°  31'  from  the  p(Hnt  where  the 
negative  end  of  the  c  axis  cuts  the  spherical 
sunaoe.     The   common    meeting  point   of 

these  chords  T  marics  the  place  where  the  twinning  axis  pierces  the  pphericai  surface. 

The  next  step  is   to   determine  the  point   t  at  which   the   twinning   axis    cuts   the 

twinning  plane.    The  line  OPp  is  by  construction  at  right  angles  to  the  line  connecting 

-3/2a  and  16.    Therefore  a  vertical  plane  which  is  normal  to  the  twinning  plane  woukl 

intersect  that  plane  in  the  line  connecting— 3/2c  and  P.    The  twinning  axis  OT  would  lie 

in  this  plane  also. .  Consequently  the  point  i,  where  OT  and  -3/2c-P  mteraect  would  lie 

both  on  the  twinning  axis  and  in 

the  twinning  plane.    In  order  to 

make  the  metnod  of  construction 

clearer  Fig.  1042  is  given.    Here 

the   twinning    axis    is    repeated 

from  Fig.  1041.    The  twin  posi- 
tion of  the  crystal  is  to  be  fotmd 

by  revolving  it  from  its  normal 

position  through  an  arc  of  180°, 

using  the  twinning  axis  as   the 

axis    of   revolution.      This    will 

turn  the  twinning  plane   about 

upon  the  point  ^  as  a  pivot  and 

so  transpos3  the  points  ~3/2a,  b 

and  -^/fc  to  points  equidistant 

from  it  in  an  opposite  position. 

By  drawing  lines  through  t  and 

laying  off  equal  distances  beyond 

that  point  the  new  points  -3/2il, 

B  and  -3/2C  will  be  obtained. 

These  points  lie  upon  the  three 

axes  in  their  twin  position  and  so 

determine  their  directions. 
The  plotting  of  the  twin  axes 

in  the  top  view  follows  similar 

methods.    In  order  to  make  the 

construction     learer  a   separate 

figure  Fig.  1043,  is  given.    The 

line  O-l  is  laid  off  at  an  angle  of 

64°  37'  to  the  b  axis.    Upon  this 

line  the  point  t  is  found  by  projection  upward  from  the  clinographic  view  below.    This 

point  t  then  becomes  the  point  around  which  the  axes  are  revolved  180°  to  their  twin 

positions.    The  figure  shows  clearly  the  methods  of  construction  and  the  directions  of 

the  axes  for  the  twin. 
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TJpon  the  twin  axes  found  in  this  way  the  portion  of  the  ciystal  in  twin  position  is  drawn 

exacthr  the  same  manner  as  if  it  was  in  the  normal  position. 

(2).   To  ploi  the  axes  for  the  calcite  twin  shown  in  Fig.  1044.    In  this  case  it  was  desired 

tx>       represent     a     scalenohedron 

ti^^rinnea  upon   the  rhombohedron 

y    ((^1)   and  so  drawn  that  the 

t^^inning  plane  should  be  vertical 

~  have  the  position  of  h  (010)  of 

orthorhombic     crystal.      The 

igle   from    c  (001)   to    /  (0221) 

equals  63*"  7'.    In  order  to  make 

the  face  /  vertical,  the  vertical  axis 

must  be  inclined  at  an  angle  of 

26**  53'i  or  the  angle  between  the 

c  axes  of  the  two  individuals  com- 

pKDsing  the  twin  would  be  double 

this  or  53""  46'.    These  relations  are 

shown  in  Fig  1045.     As  indicated 

in  Fig.  1046  the  position  of  these 

axes,  c  and  C  in  the  figure,  are  easily 

obtained  at  inclinations  of  26°  53< 

by  use  of  the  graduation   of   the 

vertical  ellipse  that  passes  through 

B  and  -B.    The  points  X,X'  and 

Y,Y*  indicate  the  mtersections  with 

this  same  eclipse  of  the  two  planes 

containing  the  ai,  os  and  oi  axes  in 

their  respective  inclined  positions. 

the  angles  -BX,  BX%  and  BY  and 

—B  y '  being  in  each  case  equal  to  26°  53'.    In  order  to  have  the  twinning  plane  occupy  a  posi- 
tion parallel  to  the  010  plane  of  an  orthorhombic  crystal  it  is  necessary  to  revolve  the  axes  so 
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that  one  of  the  a  hexagonal  axes  shall  coincide  with  the  position  of  the  a  axis  of  the  orthor- 
hombic system,  as  -<zs,  as  in  Fig.  1046.  The  two  other  hexagonal  axes  corresponding  to  the 
axis  c  must  therefore  lie  in  a  plane  which  includes  -as,  at  ana  thepoints  X  and  X'  and  have 
such  positions  that  they  will  make  angles  of  60°  with  -Ci,  (h.    Tne  construction  necessary 
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to  detennine  the  ends  of  these  axes  is  as  follows:  Draw  the  two  chords  lettered  x-^ 
throudi  points  that  are  60*^  from  -a*  and  a%  and  parallel  to  the  direction  of  a  ehoid  tfaftt 
wouldpass  throu^  -B  and  X,  In  a  similar  way  draw  the  two  chords  y-^  through  & 
second  pair  of  points  that  are  60**  from  -0%  and  0%,  parallel  to  the  direction  of  a  chord  liiat 
would  pass  through  the  points  B  and  X, .  The  intersections  of  these  two  sets  of  dninfe 
determme  the  points  oi  and  -<h  which  are  the  ends  of  these  respective  axes.  The  hexa^cm 
shown  in  the  figure  connects  the  ends  of  the  ai,  at  ^d  03  axes  that  lie  in  a  plane  perpendiculai 
to  the  axis  c.  The  set  of  axes  that  belong  to  the  axis  C  are  to  be  found  in  a  similar  way. 
The  length  of  the  vertical  axis  is  to  be  obtained  by  multiplying  that  of  caldte,  e  =  0*854, 
by  three  and  laying  off  on  the  vertical  line  the  lengtn  obtained  or  2*562.  This  is  transferred 
to  the  twin  axis  c  by  drawing  the  line  p'-p'  parallel  to  the  line  p-p.  The  desired  figure  of 
the  calcite  twin  is  to  be  drawn  upon  these  two  sets  of  inclined  axes. 

m 

Drawing  Cbtotals  bt  use  of  the  Stereographic  and  GNOMOinc 

Projections 

The  following  explanation  of  the  methods  of  drawing  crystals  from  the  projectians  <d 
their  forms  has  been  taken  with  only  minor  modifications  from  Penfield's  descriptioD.^ 

1.  Use  of  the  Stereographic  Projection 

In  explaining  the  methodi  a  general  example  has  been  chosen;  the  oonstnictiQn  of  a 
drawing  of  a  crystal  of  axinite^  of  the  triclinic  system.  Figure  1047A  represents  a  stereo- 
graphic projection  of  the  ordmary  forms  of  axinite,  m  (110),  a  (100),  Ai  (lIO),  p  (111), 
r  (ill)  and  s  (201).  As  shown  by  the  figure,  the  first  meridian  f  locating  the  position  of  010, 
has  been  chosen  at  20**  from  the  horizontal  direction  SS'. 

Figure  1047B  is  a  plant  ^^  ^^  orthographic  projection  of  an  axinite  crystal,  as  it  appears 
when  looked  at  in  the  direction  of  the  vertical  axis.  It  may  be  derived  from  the  stereo- 
graphic projection  in  a  simple  manner,  as  follows:  —  The  oirection  of  the  parallel  edges 
made  by  the  intersections  01  the  faces  in  the  zone  m,  «,  r,  m',  A,  is  parallel  to  a  tangoit  at 
ei^er  m  or  m',  and  this  direction  may  be  had  most  easily  by  laying  a  straight  edge  from 
m  to  m'  and,  by  means  of  a  90**  triangle,  transposing  the  direction  to  B,  as  shown  by  the 
construction. 

The  construction  of  C,  which  may  be  called  a  paraUel'perspecHve  view,  mav  next  be 
explamed:  It  is  not  a  clinographic  projection  like  the  usual  crystal  drawings  from  axes, 
but  an  orthographic  projection,  made  on  a  plane  intersecting  Vie  sphere,  r^resented  bv 
the  stereographic  projection,  A^  along  the  great  circle  SES';  the  distance  £C  being  10^. 
The  plane  on  whicn  a  drawing  is  to  be  maoe  may,  of  course,  have  any  desired  inclination 
or  position,  but  by  making  the  distance  CE  equal  10°  and  taking  the  first  meridian  at  20"* 
from  S,  almost  the  same  effects  of  plan  and  parallel  perspective  are  produced  as  in  the 
conventional  method  of  drawing  from  axes^  where  the  eye  is  raised  9°  28'  and  the  oystal 
turned  IS"*  26'. 

The  easiest  way  to  explain  the  construction  of  C  from  A  is  to  ima^e  the  sphere,  repre- 
sented by  the  stereographic  projection,  as  revolved  SO"*  about  an  axis  joining  S  and  S',  or 
until  the  great  circle  SES'  becomes  horizontal.  After  such  a  revolution,  the  stereo^phic 
projection  shown  in  A  would  appear  as  in  D,  and  the  parallel-perspective  drawmg,  £, 
could  then  be  derived  from  D  in  exactlv  the  same  manner  as  B  was  derived  from  A.  This 
is,  for  example,  because  the  great  circle  throu^  m,  s  and  r,  D,  intersects  the  graduated 
circle  at  x,  where  the  pole  of  a  vertical  plane  in  the  same  zone  would  fall,  provided  one 
were  present;  hence  the  intersection  of  such  a  surface  with  the  horizontal  plane,  and,  con- 
sequently, the  direction  of  the  edges  of  the  zone,  would  be  parallel  to  a  tangent  at  x:  In 
other  words,  E  is  a  plan  of  a  crystal  in  the  position  represented  by  the  stereographic  pro- 
jection, D.  Although  not  a  difficult  matter  to  transpose  the  poles  of  a  stereo^phic 
projection  so  as  to  derive  D  from  A,  it  t^es  both  time  and  skill  to  do  the  work  with  ac- 
curacy, and  it  is  not  at  all  necessary  to  go  through  the  operation.  To  find  the  direction 
of  the  edges  of  any  zone  in  C,  for  example  m  8  r,  note  first  in  A  the  point  x,  where  the  great 
circles  mar  and  SES'  cross.  During  the  supposed  revolution  of  80*"  about  the  axis  SS', 
the  pole  X  follows  the  arc  of  a  small  circle  ana  falls  finally  at  x'  (the  same  position  as  x  of 
D)  and  a  line  at  right  angles  to  a  diameter  through  x',  as  shown  bv  the  construction,  is 
the  desired  direction  for  C.  Similarly  for  the  zones  pr,  MrM'  and  MspM\  their  inter- 
sections with  SES'  at  w,  y  and  z  are  transposed  by  the  revolution  of  80**  to  tp',  y'  and  z\ 
The  transposition  of  the  poles  u;,  x,  y  and  2,  A,  to  u;',  x',  y*  and  z'  may  easily  be  accomplished 
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in  the  following  ways:  —  (1)  By  means  of  the  Penfield  transparent,  small-circle  pro- 
tractor (Fig.  68,  p.  39)  the  distances  of  ir,  x,  y  and  z  from  either  S  or  ^S'  may  be  deter- 
mined and  the  corresponding  number  of  degrees  counted  off  on  the  graduated  circle.    (2) 

1047 


Development  of  a  plan  and  parallel-perspective  figiu*e  of  axinite,  triclinic  system 

from  a  stereographic  projection  (after  Penfield) 

Find  first  the  pole  P  of  the  great  circle  SES\  where  P  is  90**  from  E  or  80°  from  C,  and 
is  located  by  means  of  a  stereographic  scale  or  protractor  (Fig.  62,  p.  35) :  A  straight  line 
drawn  through  P  and  x  will  so  intersect  the  graduated  circle  at  x^  that  S*x  and  S*x'  are 
equal  in  degrees.  The  reason  for  this  is  not  easily  comprehended  irom  A,  but  if  it  id  im- 
agined that  the  projection  is  revolved  90**  about  an  axis  AA%  so  as  to  bring  S'  at  the  center, 
the  important  poles  and  great  circles  to  be  considered  will  appear  as  in  figure  1048,  where 
P  and  C  are  tne  poles,  respectively,  of  the  great  circles  Es'E'  and  AS'A'^  and  x  is  41i® 
from  5'  as  in  figure  1047A.  It  is  evident  from  the  symmetry  of  figure  1048  that  a  plane 
surface  touching  at  C,  P  and  x  will  so  intersect  the  great  circle  AS' A*  that  the  distances 
S'x  and  S'x'  are  equal.  Now  a  plane  passing  througn  C,  P,  x  and  x',  if  extended,  would 
intersect  the  sphere  as  a  small  circle,  shown  in  the  figure,  but  since  this  circle  passes  througji 
C%  which  in  figure  1047A  is  the  pole  of  the  stereographic  projection  (antipodal  to  C),  it 
will  be  projected  in  figure  A  as  a  straidit  line,  drawn  through  P  and  x,  since  the  intereeo- 
tions  upon  the  plane  of  projection  of  all  planes  that  pass  through  the  point  of  vision  of  the 
projection  will  appear  as  straight  lines.     (3)  In  figure  1048  B  is  located  midway  between  E 
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and  A\  BS'B'  is  a  gpreat  circle,  and  W^  40**  from  C,  is  its  pole:  It  is  now  evident  from  iht 
evmmetry  of  the  figure  that  a  great  circle  through  W  and  x  so  intersects  the  great  drcle 
AS' A',  that  the  distances  S*x  and  S'x'  are  equal.    Transferring  the  foregoing  relalion« 

to  figure  1047 A,  W,  40""  from  C,  is  the  pole  of  the 
great  cirdb  SBS'.  and  a  great  circle  drawn 
through  W  and  x  falls  at  x'.  However,  it  is  not 
necessary  to  draw  the  ^reat  circle  through  W 
and  X  to  locate  the  pomt  x'  on  the  graduated 
circle:  By  centering  the  Penfield  transparent 
great  circle  protractor,  (Fig.  67,  p.  39)  at  C,  and 
turning  it  so  that  W  and  x  fall  on  the  same  great 
circle,  the  point  x  may  be  transposed  to  x',  and 
other  points,  v/,  \/  and  z',  would  be  found  in 
like  manner. 

The  three  foregoing  methods  of  transposing  r 
to  x',  z  to  2',  etc.,  are  about  equally  simple,  and 
it  may  be  pointed  out  that,  supplied  with 
transparent  stereographic  protractors,  and 
having  the  poles  of  a  crystal  plotted  in  stereo- 
graphic  projection,  it  is  only  necessary  to  draw 
&e  great  circle  SES*  and  to  locate  one  point, 
either  W  or  P,  in  order  to  find  the  directions 
needed  for  a  parallel-perspective  drawing,  cor- 
responding to  figure  1047C.  Thus^  with  only  a 
great  circle  protractor,  the  great  circle  throu^ 
the  poles  of  any  zone  ma}r  be  traced,  and  its 
intersection  with  SES'  noted  and  spaced  off  with  dividers  from  either  S  or  S';  then 
the  ereat  circle  through  the  intersection  just  found  and  W  is  determined,  and  where 
it  fsuls  on  the  divided  circle  noted,  when  the  desired  direction  may  be  had  by  means  of 
a  straight  edge  and  90"*  triangle,  as  already  explained. 

2.  Drawing  of  Twin  Crtst.^ls  bt  Use  of  the  Stereographic  Projection 

In  the  sreat  majority  of  cases  the  drawing  of  twin  crystals  can  be  most  advantageously 
accomplished  by  the  use  of  a  stereographic  projection  ot  their  forms.  It  is  only  necessary 
first  to  prepare  a  projection  showing  the  poles  of  the  faces  in  the  normal  and  twin  po- 
sitions and  then  follow  the  methods  outlined  above.  The  preparation  of  the  desired  pro- 
jection  may,  however,  need  some  explanation.  An  illustrative  example  is  given  below 
taken  from  an  article  by  Ford  and  TiUotson  on  some  Bavenno  twins  of  orthoclase.* 

According  to  the  Baveno  law  of  twinning  the  n  (021 )  face  becomes  the  twinning  plane 
and  as  the  angle  c  A  n  »  44*"  56  1/2'  the  angle  between  c  and  c'  (twin  position)  be(x>mes 


'•^o---      ^.-rf 


89^  53'.     For  the  purposes  of  drawing  it  is  quite  accurate  enough  to  assume  that  this 
angle  is  exactly  90  and  that  according^  the  r  face  of  the 
lei  to  that  of  the  &  face  of  the  normaimdividual. 


twin  will  occupy  a  position  paral- 


Fi^.  1049  shows  the  forms  observed  of  the  crystals  both  in  normal  and  in  twin  positions, 
the  feces  in  twin  position  being  indicated  by  op^  circles  and  a  prime  mark  (')  alter  their 
respective  letters,  while  the  zones  in  twin  position  are  drawn  m  dashed  lines.  Starting 
out  with  the  forms  in  normal  position,  the  m^t  face  to  transpose  is  the  base  c.  This  form, 
from  the  law  of  the  twinning,  will  be  transposed  to  (/  where  it  occupies  the  same  position 
as  &  of  the  normal  individual,  and  it  necessarily  foUows  that  b  itself  in  being  transpoeed  wiU 
come  to  6'  at  the  point  where  the  normal  c  is  located. 

In  turning  therefore  the  crystal  to  the  left  from  normal  to  twin  position,  the  fades  c 
and  b  travel  along  the  great  circle  I  through  an  arc  of  90**  until  they  reach  their  respective 
twin  positions.  We  have,  in  other  words,  revolved  the  crystal  90''  to  the  left  about  an  axis 
which  is  paraUel  to  the  faces  of  the  zone  I.  The  pole  of  this  axis  is  located  on  the  stereo- 
graphic projection  at  90°  from  the  great  circle  I  and  falls  on  the  straight  line  II,  another 
great  circle  which  intersects  zone  I  at  right  angles.  This  pole  P  is  readily  located  by  the 
stereographic  protractor  on  the  great  circle  II  at  90°  from  c.  The  problem  then  is  to  re- 
volve the  poles  of  the  faces  from  their  normal  positions  about  the  point  P  to  the  left  and 
through  an  arc  of  90°  in  each  case. 

During  the  revolution  the  poles  of  the  n  faces  remain  on  the  great  circle  I  and  as  the 
angle  n  A  n  »  90°,  the  location  of  their  poles  when  in  twin  position  is  identical  with  that  of 
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the  nonnal  position  and  n'  falls  on  top  of  n.  We  can  now  transpose  the  great  circle  II  from 
its  normal  to  its  twin  i>06itioni  since  P  remains  stationary  during  the  revolution  and  we 
have  determined  the  twin  position  of  c.    The  dashed  arc  tV  gives  the  twin  position  of  the 


great  circle  II.  The  twin  position  of  v  must  lie  on  arc  II'  and  can  be  readily  located  at  y% 
the  intersection  of  arc  IV  with  a  small  circle  about  P  having  the  radius  P  Ay.  It  is  now 
possible  to  construct  the  arc  of  the  zone  III  in  its  transposed  position  III',  for  we  have  two 
of  the  points,  y*  and  n'  of  the  latter,  already  located.  By  the  aid  of  the  Penfield  transparent 
great  circle  protractor  the  position  of  the  arc  of  the  great  circle  on  which  these  two  points 
be  can  be  determined.  On  this  arc,  III',  o'  and  m'  must  also  lie.  Their  positions  are  most 
easily  determined  by  drawing  arcs  of  small  circles  about  b'  with  the  required  radii,  b  Ao 
=  63**  8',  6  A  m  =  59**  22  1/2'  and  the  points  at  which  they  intersect  arc  III'  locate  the 
position  of  the  poles  o'  and  m'.  At  the  same  time  the  corresponding  points  on  IV'  may  be 
located,  it  being  noted  that  IV'  and  III  are  the  same  arc.  But  one  other  form  remains 
to  be  transposed,  the  prism  z.  We  have  already  6'  and  m'  located  and  it  is  a  simple  matter 
with  the  aid  of  the  great  circle  protractor  to  determine  the  position  of  the  g^at  circle 
upon  which  they  lie.  Then  a  small  circle  about  &'  with  the  proper  radius,  6  A2  «  29**  24', 
determines  at  once  by  its  intersections  with  this  arc  the  position  of  the  poles  of  the  z  faces. 
It  ma^  be  pointed  out  that  if  it  should  be  desired  to  make  use  of  the  methods  of  the 
gnonomic  projection  for  the  drawing  of  the  figures  as  described  below,  the  stereographic 
projection  of  the  forms  may  be  readily  transformed  into  a  gnomonic  projection  by  doubling 
the  angular  distance  from  the  center  of  the  projection  to  each  pole  by  the  use  of  the  stereo- 
graphic  protractor.  Fig.  62,  p.  35. 

3.  Use  op  the  Gnomonic  Projection 

As  an  illustration,  the  method  of  drawing  a  simple  combination  of  barite  has  been  chosen. 
The  forms  shown  in  figure  1050  are  c  (001),  m  (110),  o  (Oil)  and  d  (102).  The  location 
of  the  poles  in  the  gnomonic  projection  is  shown  in  A,  where,  as  in  figure  1047 A,  the  first 
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meridian  is  taken  at  20^  from  the  horizontal  diiection  SS'.  The  poles  of  the  prism  m  and 
the  locations  of  S  and  S*  (compare  figure  1047A)  fall  in  the  gnomonic  projection  at  inJGoiitT. 
In  any  plan,  such  as  figure  1050B,  the  direction  of  an  edge  made  by  the  meeting  of  two  faces 


lOBO 


A  at  CO 


X  txot 


is  at  right  angles  to  a  line  joining  the  poles  of  the  faces,  shown  in  figures  A  and  B  by  the  di- 
rection at  90**  to  the  Une  joining  w"  and  c. 

The  parallel-perspective  view,  1050C,  is  an  orthographic  projection  (compare  figures 
1047A  and  C)  drawn  on  a  plane  passing  through  S  and  S\  and  intersecting  the  sphere  on 
which  the  gnomonic  projection  is  based  as  a  ^reat  circle  passing  through  £,  figure  1050A, 
and  drawn  paraUel  to  SS\  the  distance  cE  bemg  10**:  Tnis  great  circle  is  called  by  Gold- 
schmidt  the  Leidinie.  To  find  such  intersections  as  between  m*"  and  c,  and  m  and  dy 
figure  C,  note,  as  in  figure  1047 A,  where  the  great  circles  through  the  poles  of  the  faces 
intersect  the  Leiilinie;  thus,  the  one  through  m'"  and  c  at  x,  and  that  through  m  and  d 
(through  d  parallel  to  m  m",  since  m  and  m"  are  at  infinity)  at  y.  Next  imagine  the  points 
X  and  y  transposed  as  in  figure  1047A  to  x'  and  y',  which  latter  points,  however,  are  located 
at  infinity:  This  transposition  is  done  by  locating  first  the  so-called  Winkdpunkly  IF,  of 
Goldschmidt,  40**  from  c  in  figure  1060A,  and  as  in  figure  1047A,  90**  from  a  point  B,  which 
is  an  eoual  number  of  degrees  from  E  and  A'  (compare  figure  1048).  Of  the  three  methods 
given  above  for  transposing  x  and  ytox^  and  v',  the  third  may  be  easily  applied  in  the  gnom- 
onic projection.  Great  circles,  or  straight  unes,  through  tV  and  x  and  W  and  y,  figure 
1050A,  if  continued  io  infinitv,  would  determine  x'  and  t/',  which  is  accomplished  by  draw- 
ing hnes  parallel  to  Wx  and  Wy  through  the  center.  It  is  not  necessar>%  however,  to 
draw  the  unes  Wx  and  TTy,  nor  the  parallel  lines  through  the  center;  all  that  is  n^sded  to 
find  the  directions  of  the  edges  m'"  A  c  and  m  A  d  is  to  lay  a  straight  edge  from  IT  to  x,  re- 
spectively PF  to  y,  and  with  a  90**  triangle  transpose  the  directions  to  C.  as  indicated  in 
tne  drawings.  Tlie  principles  are  exactly  the  same  as  worked  out  for  tne  interrelations 
of  figures  1047A  and  C.     As  in  the  case  of  the  stereographic  projection,  it  is  evident  that, 

§iven  the  poles  of  a  crystal  plotted  in  the  gnomonic  projection,  it  would  be  necessary  to 
raw  only  one  Une,  the  LeUiiniej  and  to  locate  one  pomt,  the  WinkeLjmnkty  W,  in  order  to 
find  all  possible  directions  for  a  plan  and  parallel-perspective  views,  corresponding  to 
figures  1050B  and  C. 
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TABLES  USEFUL  IN  THE  DETERMINATION 

OF  MINERALS 


This  Appendix  contains  a  series  of  tables,  more  or  less  complete,  of  minerals  arranged 
according  to  chemical  composition  or  to  certain  prominent  crystallognmhic  or  physical 
chajracters.  These,  it  is  b^eved,  will  be  of  service  not  only  to  the  student,  but  also  to 
the  skilled  mineralogist. 

The  t^pe  used  in  the  printing  of  the  mineral  names  indicates  their  relative  importance. 
Table  I  is  a  complete  list  of  the  species  named  in  this  book  arran^^  first  according  to  the 
prominent  basic  elements  which  tney  contain  and  secondly  accordmg  to  their  acid  radicals. 
Table  II  is  of  Minerals  arranged  according  to  their  System  of  Crystallization.  The  other 
tables  make  no  claim  to  completeness,  being  limited  often  to  common  and  important 
species. 

For  an  exhaustive  system  of  Determinative  Tables  based  particularly  upon  blowoipe 
and  chemical  characters,  the  student  is  referred  to  the  work  of  Professors  Brush  and  Pen- 
field,  mentioned  on  p.  330. 


TABLE  I.    MINERALS  ARRANGED  ACCORDING  TO 

CHEMICAL  COMPOSITION 

The  following  lists  include  all  definitely  described  mineral  species  airan^ed  first  according 
to  their  impoitant  basic  elements  and  secondly  according  to  their  acid  radicals.  If  a 
given  mineral  contains  two  or  more  prominent  bases  its  name  is  repeated  in  all  the  ap- 
propriate sections. 

ALUMINIUM 

Note:  —  Aluminium  is  of  such  common  occurrence  among  the  silicate  minerals  tnat 
it  is  impracticable  to  list  all  of  these  minerals  that  contain  it.  Therefore  only  those  sili- 
cates wnich  are  essentially  aluminium  minerals  are  included  in  the  following  list. 


Chloralluminite.  AlCl«.6HsO. 

Cryolite,  NasAlFe. 

Koenenite.  Al,Mg,  oxy chloride. 

FluelKte,  A1F«.H,0. 

Prosopite,  CaFa.2Al(F,0H),. 

Pachnolite,  Thomsenolite,  NaF.CaFs.AlFt. 

H,0. 
Gearksutite,  CaF,.Al(F,OH)8.H,0. 
Ralstonite,  (Na,,Mg)Fj.3Al(F,OH)..2H|0. 
Creedite,  2CaF8.2Ar(F,OH),.CaS04.2H,0. 
Conmdum,  AljOt. 
Spinel,  MgO.AlsOi. 
ETercynite,  FeO.AljOi. 
Gahmte,  ZnO.AlsOi. 
Chrysoberyl,  BeO.AlsOi. 
Uhhgite,  Ca(Ti,Zr)06.Al  (Ti,Al)0*. 
DiASPORE,  AlsOs.HsO. 
Bauxite,  AliOt.2HaO. 


GiBBSITE,  AlsOt.SHsO. 

Hydrotalcite,  Al(OH),.3Mg(OH),.3H,0. 
Shanyavskite.  AlsOt.4HsO. 
Dundasite,  Pb(A10),(C0«),. 
Dawsonite,  Na,Al(CO«)i.2Al(OH),. 
Zunyite,  (Al(OH,F,Cl)2)(»Al,Si,Oi,. 
Topaz,  [Al(F,0H)]irSi04. 
Andalusite,  Al2Si05. 

SlLLIMANITE,  AlsSiOf. 

Cyanite,  AlsSiO». 

Dumortierite,  8Al80,.B,0,.6SiO,.Hrf). 
StauroUte,  (A10)4(A10H)Fe(Si04)i. 
Kaolinite,  H4AlsSif09. 
Faratsihite,  (Al,Fe),0,.2SiOi.2H«0. 
HaUoysite,  H4Al,SitO».HaO. 
Newtonite,  HsAlaSiiOii.HaO. 
CimoUte,  2Al,0..9SiOj.6H,0. 
Montmorillonite,  HsAl2Si40i3.nHsO. 
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Ptbophtujte,  HiAli(SiOi)4. 
AUopbsne,  Al.SiOt.5H/>. 
MeLte,  2(Al,Fe)^.SiO,.8H.O. 
CoUynte,  2Al^,.Si0..9HiO. 
Schrfitterite,  8A],O,.3SiO,.30Hrf). 
Hamliaite,  AI,Sr,  phoephate 
Plumboffummite.  Pb.Al.  nhcwi^istA. 
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CceruleoUctite,  3AliOi.2P,Ot.lDH,0. 
Angelite,  2AWi,.P^..3H.O. 
BerliDite,Trolleit«,Attacolite  I  Hydrous 
Minaeite,  VasheKyite  J  Alphoephates 

Soiimaiuute,  Hydrous,  Al,Na,auo-phoephate. 
Childrenile,2AlPO,.2Fe(OH)i.2IW>. 
EoBphorite,2AJPO,.2CMn,Fe)(OH).,2HA 
Egueiite,  Hydrous,  Fe,AI,Ca,  phosphate. 
Liroconite,  Cu,Al(AsOi)t,3CuAl{OHlt. 

20H,O. 
Henwoodite,  Al.Cu,  hydrous  phosphate. 
Ceruleite,  Cu0.2Al,O,.Asi0,.8H,0. 
Kehotte,  Hydrous,  AI,Zn,  phosphate. 
Goyaiile,  CaiAl,,  P/)b.9IW. 
Hosch&ite,(Mn.Fe,Ca)^y<OH)  <P0,),.2Hrf>. 
Svanbergite,   Hydrous  Al,  Ca,   phosphate 

and  sulphate. 
Teremejevite,  AtBOt. 
Rhodisite,  A1,K,  borate. 
MiUosevichite,  (Fe,Al),(80,).. 
Spangolite,  Cu^lCISOig.QHA 
AJunuaa,  A1|0,.2S0^ 
Kalinite,  KAl(SO,),.12H^. 


Pickeruwite,  M^,.AI,(SO,)..22HA 
Halotrichite,  F^0|.A1,(S0<)..24H|0. 
Apjohnite,  MnSO,.Al,(SO0t24H,O. 


Dietrichite,{Zn,Fe,Mn)SO,.AI,(SO4)H^22.0. 
Alunogen,  A1,(80,),.18H,0. 
Cyanotrichite,  4CuO-AW^SOi.8H/>. 
Knoxvimte,  Hydrous,  Fe,Al,Cr,  sulphate. 
Cypnisite,  7Fe,O..AI,O^10SO..14H*. 
Aluminite,  AIrf),.SO,.9H^. 
Paraluminite,  2AI^,.SO,.  10H,O. 
Felsabanyite,  2AI,0,.SOklOH.O. 
Volteite.  3(K,  Fe)0.2(AI,Fe),0,.6SO,.9H.O. 
ALnniTB,  K,a1,(0H)„.(80.),. 
Lfiwigite,  K,0.3AW)t4S0..9H.O. 
Almeriite,  Na,SO..A]i(S0.)..6AI(0H),.H^. 
Ettringite,  6CaO.Al,0..3SO,.33H^. 
Zincalununite,  2ZiiS0..4Zn(OH),.6Al(OH)* 

Mellite,' AW;,rf)„.  ISHiO. 

ANTIMONY 

Note:  —  The  aDtimonatee  are    not   in- 
cluded in  this  list. 
Allemontite,  SbAsi. 
Native  Antiuony,  Sb. 
Stlbnite,  Sb>S,. 
Kermesite,  SbiSiO. 
Senarmontite,  Valentinite,  SbiOt. 
CervanUte,  Sb,O..SbiOi. 
Stibiconite,  H^biOt. 
StJbiotaatalite,  (SbO),(Ta,Nb),0^ 

ARSENIC 
Note;  —  The  arsenates  ar«  not  included 
in  this  hfit. 
Native  Arbenic,  As. 

Allemontite,  SbAif 
Realoab,  AsS. 
Obpiment,  AbA. 


BARIUM 
Wittierit«,  BaCO.. 
Bromlite,  (Ba,Ca>CO,. 
Baiytocalcite,  BaCC.CaCO^ 
Hyalopbane,  (K,,Ba)A].{SiO,)v 
Celsian,  BaA!,Si,0^ 
Cappelenite,  Y,Ba,  boro-eilicate. 
Hyalotekite,  (Pb,Ba,Ca)B,(SiOi)„. 
Borylite,  Ba,AliSi/)„. 
Taramellite,  Ba,Fe"  Fe,'"  SiioOn. 
Browsterite,  H.(Sr,Ba,Ca)Al,{SiO,>v3HA 
Wellsite,  {Bo,Ca,K,)Al.SiAo.3H^. 
Harmotone,  (K,,Ba)Al^i,Ou.5HA. 
Edinstonite.  BaAl^iA)i«.3H|0. 
Benitoite,  BaTiSiiC.. 
Leucosphenite,  Na,Ba(TiO),(Si.O.)^ 
Georceixite,  Ba0.2Al/>,.P.O,.5Hrf). 
Ferrwite,  3(Ba,Pb)0.2P^i.8Hrf). 
Volborthite,  Cu.Ba.Ca,  vanadate. 
Uranocircite,  Ba{U0,}iP.0t8HiO. 
Nitrobarite,  Ba(NOi)>. 
Buit«,  BaSO*. 


APPENDIX     B 


665 


BERYLLIUM 

Chrysoberyl,  BeAljO^. 

Eucfidymite,  Epididymite,  HNaBeSijOg. 

Beryl,  BesAl,(SiOt)8. 

Helvite,  (Be,Mn,Fe)7SiAjS. 
DanaUte,  (Be,Fe^n,Mn)TSi,OiiS. 

Trimerite,  (Mn,Ca),Si04.Be«Si04. 
Euclase,  HBeAlSiO». 
Gadolinite,  Be>FeYsSiA«. 
Bertrandite,  HsBeiSisO^ 
BeryUonite,  NaBeP04. 
Herderite,  Ca[Be(FjOH)]P04. 
Hambergite,  Bei(OH)BOt. 

BISMUTH 
Native  Bismuth,  Bi. 

BlSBTUTHINITE,  BifSt. 

Guanajnatite,  BiiSes. 
Tetradymite,  Bi,(Te,S)s. 
Grunlmgte.  BUTeSa. 
Joseite,  Wenrlite,  bismuth  telliirides. 
Daubreete,  Bi,  oxychloride. 
Bismite,  BijOs. 

Bismutosp&rite,  Bi2(COi)a.2Bia0«. 
Bismutite,  Bi/>t.C0s.H30. 
Eulytite,  Agricolite,  Bi4SiiOis. 
Pucherite,  fiiV04. 
Atelestite,  HsBiiAsOs. 
Walpurgite,  Biio(UO,),(OH)f4(As04)4. 
Rhagite.  2BiAa04.3Bi(OH)s. 
Arseno-bismite,  hydrous  Bi  arsenate. 
Mixite,  Hydrous  Cu.  Bi,  arsenate. 
Uranosphffirite,  (BiO)2Ut07.3H20. 
Montanite,  BitO1.TeOt.2H2O. 
Koechlinite,  BisOs.MoOt. 

BORON 

Note:  —  The  borates  are  not  included  in 
this  list. 

Sassolite,  B(OH)t. 
Cappelenite,  Y,Ba.  boro-silicate. 
Hyalotekite,  (Pb,Ba,Ca)B,(SiOi)n. 

D ANBURTTE,  CaBj (Sl04)». 

BatoUte,  HCaBSiO.. 
Homilite,CaiFeB,Si*Oio. 
Axinite,  Ua,Al,  boro-silicate. 
Toormaline,  complex  boro-silicate. 
Dumortierite,  8Al20,.B20i.6Si02.H,0. 
Serendibite,  10(Ca,Mg)O.5Al2O3.B,O«.6SiOj. 
Manandonite,  H44Li4Ali4B4.8i^u. 
Bakerite,  Hydrous  Ca,  boro-silicate. 
Searlesite,  NaB(SiOs)2.H20. 
Luneburgite,  3MgO.B20,.P20*.8H20. 

CADMIUM 

Greenoddte^  CdS. 
Cachniumoxide,  CdO. 
Otavite,  Cd  carbonate. 


CiESIUM 

Pollucite,  2C8j0.2Al,0|.9Si02.H,0. 
Rhodizite,  Al,K,Cs,  borate. 

CALCIUM 

Oldhamite,  CaS. 

Fluorite.  CaFt. 

Hydrqpnilite,  CaCU. 

Yttrofluorite,  (Ca,,Y2)Fe. 

Nocerite.  2(Ca,Mg)F2.(Ca,Mg)0. 

Tachhydrite,  CaCl,.2MKCl2.12H|0. 

Prosopite,  CaF,.2Al(F.0H),. 

Pachnolite,  Thomsenolite,    NaF.CaFj.AlFi. 

H2O. 
Gearksutite,  CaF2.Al(F.OH)i.H20. 
Cfeedite,  2CaF2.2Al(F,OH),.CaS04.2H,0. 
Yttrocerite,  (Y,Er,Ce)F,.6CaF,.H20. 
UhHgite,  Ca(Ti,Zr)08.Al(Ti,Al)0s. 
CalcSe,  CaCOs. 
Dolomite,  CaCOt.MgCOi. 
Ankerite,  CaCO,.(Mg,Fe,Mn)00,. 
Aragonite,  CaCOi. 
Bromlite,  (Ba,Ca)CO,. 
Barytocalcite,  BaCOi.CaCO|. 
Parmite,  {(Ce,La.Di)F]2Ca(CO,)2. 
Pirssonite,  CaC08.Na2CO,.2H20. 
Gay-Lussite,  CaC0i.Na,C0i.5Hi0. 
Gajite,  basic,  hydrous,  Ca,  Mg,  carbonate. 
Uranothallite,  2CaCO,.U(CO8)2.10HaO. 
Liebigite,  Hydrous  Ca,U.  carbonate. 
Voglite,  Hydrous  U,Ca,Cu,  carbonate.  ^ 
Mi&ite,  HKCa2Al2(Si20«)«. 
Rivaite,  ICa,Na2)Si20». 

A^S^r    lM«turesofNaAlSi,0,and 
Ubradorite  J     CJaAljSijOg. 
Anortfaite,  CaAl2Si208. 
Anemousite,  Na20.2Ca0.3Al20*.9Si02. 
Pyroxene,  (Ja,Mg.  etc.,  silicate. 
WolUstomte.CaSiOk. 
Pectolite,  HNaCa2(SiOs)t. 
Schizolite,  HNa(Ca,Mn)2(8iOs)«. 
Rosenbuschite,  near  pectolite  with  Zr. 
Wdhlerite,  Zrnsilicate  and  niobate  of  Ca,Na. 
L&venite,  Zr-silicate  of  Mn,Ca. 
Babingtonite,     (Ca,Fe,Mn)SiOa    with 

Fe,@iO«),. 
Hiortdahlite,  (Na^Ca)(Si,Zr)Oi. 
Amphibole,  Ca,  Mg,  etc.,  silicate. 
Arfvedsonite,  Na,Ca,Fe,  silicate. 

Mdg&**}Na,Be,Ca.fluo:«licate. 

Custerite,  Ca2(OH,F)SiOi. 
Didymolite,  2Ca0.3Al20,.9Si02. 
Ganomalite,  Pb4(PbOH)2Ca4(Si207)t. 
Nasonite,  Pb4(PbCl)2Ca4(Si207)». 
Marearosanite,  Pb(Ca,Mn)2(SiOs)t. 
Haraystonite,  Ca2ZnSi207. 
RocbUngite,  5(H2CaSi04).2(CaPbS04). 
Haaynite,  Na2Ca(NaS04.Al)Al2(Si04)t. 
Grossularite,  CasAl2(Si04)i. 
Andradite,  CaaFe2(Si04)s. 


J 
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Thomsonite,  (Na,,CB)A]iSiiOt2iH/). 
HydrothoroBOaite,  (H,,Na„Ca)Al^iiOt. 

5H,0. 
Arduinjte,  Ca,Na,  zeolite. 
EcbelliU,  (Ca,Ns,}0.2AliO>.3SiO>.4H/>. 
Kpidesmme,  (NB,,Ca)AI,SiA)if6H]0. 
StelleriU,  CaAl^iSO,^7H,0. 
Eriaoite,  H|C[iK|Na,AltSi/)iT.5HtO. 
Baveoite,  CauVIi(SiOi)tHiO. 
Bityite,  Hydrous,  Ca.Al,  silicate. 
Margante,  H,CaAltSi^,f 
Seybertite,  Hi(MK,Ca}»AliSiA>. 
XEUitbophyllite,  H.(MK,Ca),.Ali^OM. 
Griffithite,    4(Mg,Fe,Ca)0(Al,Fe)/)t5Si(V 

7HA 
Cenosite,  H4Ca,(Y,Er)rfSi,0„. 
PlaioLte,  3CaO.Al,Ot2(SiO,,CO,).2H/). 
Thaumasite,  CBSiOi.CaCX>(.CaSO«.15HiO. 
Spurrite,  2Ca,SiO,.CaCOt 
Ur&nophane,  Ca0.2UO,.2Si0..6H,0. 
Bakente,  Hydrous  Ca  boro-ailicate. 
TiNANiTB,  CaTiSiOt 
Molengraafite,  Ca^a,  titano-«ilicate. 
Keilhauite,  Ca,AI,Fe,Y,  tjtano-siticate. 
Joaquinjte,  Ca,Fe,  titanoeiLcate. 
Peiovakile,  CaTiOt. 
Dysanalyte,  Ca,Fe,  titano-niobate. 
^Tochlore,  Ca,Ce,  niobate. 
Koppite,  Ca,0,iuobate 


Hpoaioaite,  (t;ai>  juatv*. 
Adelite  (MgOHlCaAsO,. 
Tilaaite  (MRp)CaAsOi. 
Herderite,  Ca[Be(F,OH))PO,. 
Jafekite,  Na,CaAl(A10)(F,0H),(P0*V 
Crandallite,  2CaO,4AliO|.2P/)|.10HtO. 
Lacroixite,  Na,(Ca,Mn).Al,(F,OH)J'At. 

2H^. 
Calciovolborthile,  (Cu,Ca),V.O^  (Cu.Ca) 

(OH),. 
Taviatockite,  CB.^,0,.2M(pBh. 
Cirroiite,  Ca^(P0*)i-AlCOH),. 
Areeiiiosidente,  Ca^e{A80,)..3Fe(OH),. 
Bettian,  Y.Ma.Ca,  araeoate. 
Arseniopleite,  (Mn,Ca),(Mn,Fe))(OH). 

{AsO*)t 
Collophanite,  CaJiCHiO. 
Pyrophosphorite,  Mg,P^,.4(CaiP*(V 

Ca,P,a). 
Rmelite,  (Ca,Co,MK),ABiO,.2HiO. 
Brandite.  Ca,MnAs,0..2HiO. 
Fairfieldite,  Ca,MnP,0,.2H,0. 
Meseelite,  (Ca,Fe)^,0..2iH,0. 
Anapaite,  (Ca,Fe)JA-4H/). 
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Piorophaimaoolite,  (Ca,Mg)ABiOs.6HsO. 
Churchite,  Hydrous  Ca,Ce>  phosj^ate. 
Femandinite,  CaO.Vt04.5VtOt.l4HtO. 
Pafiooite,  2Ca0.3VsOi.llH|0. 
Pintadoite,  2CaO.V,0».9H,0. 
Pharmacolite,  HCaAs04.2HiO. 
Haic^gerite,  HCaAs04.  H|0. 
Wapplerite,  HCaAs04.3iHaO. 
Brushite,  IlCaP04.2H,0. 
Martinite,  HsCa«(P04)4.iHsO. 

MeUhJ^ttite  }Ca0.3V/).9H^. 
Isoclasite,  Ca,PsOs.Ca(OH)s.4H«0. 
Conichalcite,   (Cu,Ca),Aaj08.(Cu,Ca)(0H),. 

Volborthite,  Cu,Ba.Ca.  vanadate. 
Maxapilite,  CaiFet(As04)4.2FeO(OH).5H,0. 
Yukonite,  (Ca^Fe,'")(As04)».2Fe(OH)^ 

5H,0. 
Calcioferrite,  Ca«Fej(P04)4.Fe(OH)».8H,0. 
Borickite,  Ca,FeB(P04)4.12Fe(OH),.6H,0. 
Egueiite,  Hydrous  Fe,ALCa,  phosphate. 
Goyaate,  CrasAlioPsOi3.9HsO. 
Rosch^rite,  (Mn,Fe,Ca)2Al(OH)(P04)j. 

2HjO. 

B^te  }  Ca(U0.).P«0..8H,0. 

Uranoepinite,  Ca(UOi)sAstOB.8HsO. 
Tyuyamunite.  Ca0.2U08.V,0».4H,0. 
Romeite,  CaSb«04. 
Lewisite^  5Ca0.2TiO,.3Sb*0». 
Mauzeliite,  Pb.Ca,  titano-antimonate. 
PodoUte,  3Ca,(P04)j.CaCO|. 
Svanbergitey  Hydrous  Al,Ca,  phosphate  and 

sulphate. 
Nitrocalcite,  Ca(NOa)i.nHsO. 
Lautarite,  Ca(IOa)s. 
Dietzeite,  Ca  iodo-chromate. 
Nordenskidldine.  CaSn(BOi)t. 
Howlite,  HtCasBfiSiOu. 

COLEMANTTE,  CatB«Oii.5HsO. 

Inyoite,  2Ca0.3B,0,.13H,0. 
Meyerhofferite,  2Ca0.3B|0^7H,0. 
Ulexite,  NaCaBBOt-SHjO. 
Bechilite,  CaB407.4H,0. 
Hydroboracite,  CaMgBAi.6HxO. 
Glaubebite,  Na2S04.CaS04. 


ffiSS^lCaSO. 


Gypsum,  CaS04.2HsO. 
Syngenite,  CaS04.K2S04.H,0. 
Polytoite,  2CaS04.MgS04.K,S04.2H,0. 
Ettringite,  6CaO.Al,03.3SOi.33H,0. 
Uranopilite,  CaU8S20«.25H«0. 
SCHEEUTE,  CaW04. 

PowelKte,  Ca(Mo,W)04. 
Whewellite,  CaC04.H,0. 

CERIUM  EARTHS 
Tysonite,  (Ce,La,Di)F8. 
Fluocerite,  (Ce,La,Di),0F4. 
Yttrocerite.  (Y,E^Ce)F,.5CaF,.HA 
Parisite,  [(Ce,La,Di)F],.CaCO^ 


Bastn&Bite,  (CeF)CX)t. 

AncyUte,  4Ce(OH)CO,.3SrCOs.3HtO. 

Ambatoarinite,  Rare  earths,  Sr,  carbonate. 

Lanthanite,  Las(CX)t)|.9H30. 

Melanooerite   j 

Caryooerite       Ca,Ce,Y,  fluo-silicates. 

Steenstrupine  J 

Tritomite,  Th,Ce,Y,Ca.  fluo-silicate. 

Mackintoshite,  U,Tn,Ce,  silicate. 

Allanite,  Ca,Fe,Ce,Al)  silicate. 

Cerite.  Ce,  etc.,  silicate. 

Beckelite,  Caa(Ce,La,Di)4Si^i&. 

Hellandite,  Ce,  etc.,  Al,Mn,Ca,  sihcate. 

Bazzite^  Sc^etc.,  silicate. 

Brithohte,  Ce,  etc.^  silicate  and  phosphate. 

Erikite,  Ce,  etc.,  silicate  and  phosphate. 

Tschefifkinite,  Ce,Fe,  titano-silicate. 

Johnstrupite  ] 

Mosandnte      Ce,  etc.,  titano-silicates. 

Rinkite  J 

Knopite,  Ca,Ce,  titanate. 

Pyrochlore,  Ca,Ce,  niobate. 

Chalcolamprite,  R"Nb«0«F"R"SiO^ 

Koppite,  Ca,Ce,  niobate. 

Fergusonite,  Y,Er,Ce,U,  niobate. 

SipyUte,  Er,Ce,  niobate. 

Yttrotantalite,  Fe,Ca,Y,Er,Ce,  tantalate. 

Samarskite,  Fe,Ca,U,Ce,Y.  niobate. 

Ae8ch3rnite,  Ce,  niobate-titanate. 

Polymignite,  Ce,  Fe,  Ca,  niobate-titanate. 

Euxenite 

Polycrase 

Blomstrandine-Priorite 

MoNAzrrE,  (Ce,La,Di)P04. 

Florencite,  Ce,Al,  j)hosphate. 

Rhabdophanite,  Hydrous  Ce,Y,  phosphate. 

Chitfchite,  Hydrous  Ce,Ca,  phosphate. 

CHROMIUM 

Daubr6elite.  FeS.CriSi. 
Chromite,  FeO.CrsOi. 
Stichtile,  2MgCO,.5Mg(OH),.2Cr(OH),. 
Uvarovite,  CaaCrjCSiOi)*. 
Fumacite,  Pb,Cu,  chrom-arsenate. 
Dietzite,  Ca  iodo^hromate. 
CROCorrB,  PbCr04. 
Phoenicochroite,  3Pb0.2CrO». 
Vau5iuelinite,  2(Pb,Cu)Cr04.(Pb,Cu)a>Ai. 
B^llite,  Pb,  arseno-chromate. 
Knoxvillite,  Hydrous  Fe,Al,Cr,  sulphate. 
Redingtonite,  Hydrous  Cr  sulphate. 

COBALT 

Sychnodymite,  (Co,Cu)4S6. 

LlNN^filTE,  Co&. 

CarroUite,  CUC01S4. 
Badenite,  (Co,Ni,Fe)i(As,Bi),. 
Cobaltnickelpyrite,  (Co,Ni,Fe)Sf. 
Smaltite,  C0AS2. 

COBALTITB,  CoAsS. 

Willyamite,  CoSj.NiSj.CoSba.NiSbj. 
Villamaninite,  Cu,Ni,Co,Fe,  sulphide. 


Y,Ce,U,  niobate- 
titanates. 
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Skuttenidite,  CoAs.. 
Soflaorito,  CoAsi. 
Glaucodot,  (Co,Fe)AaS. 
Sphterocobaltite,  CoCOi. 
Remii^tonite,  Hydrous,  carbonate. 
RoMlite,  (Cii,Co,Mg)iAB,0..2H,0. 
Erythrite,  Co,AM>».8H,0. 
Forbmite.  Hi(Ni,Co),A9>Oi.gHiO. 
Bkberite,  CoSO|.7H.O. 

COPPER 
HatiTC  Copper,  Cu. 
HorsfordibB,  Cu.8b. 
Doineykite,  CujAs. 
Mohawkite,  CuiAb. 
Algodonite,  CutAs. 
Whitneyite,  Cu,Afl. 
Cocinente,  CiuAgS. 
RickardJte,  CutTei. 
Benelianito,  CuiSe. 
Eucairite,  CutSe.An;^. 
Zorgite,  Pb,Gu,  selenide. 
Crookesite,  Cu,TL  selenide. 
Umangite,  Cu8e.Cu.8e. 
Chalcocite,  CuiS. 
Stromeyrite,  (Ag.Cu)^. 
Chalmersite,  Cu.S.Fe<St. 

COVEU-ITB,  CuS. 

Sychnodymite,  (Co,Cu)A. 

Bomite,  CutFeS,. 

CMToUite,  CuS.Co^p 

Chalcopjrrite,  CuFeS,. 

yi  11  am  an  in  it  J  Cu,Ni,Co,Fe,  sulphide. 

Eichbergite,  {Cu,Fe)^S.3(Bi,Sb),S^ 

Histririte,  5CuFeS..2SbA.7B:,St 

Cuprobismutite,  3CutS.4BiA. 

EmplectiU,  CutS.Bi^,. 

Chalcostibite,  Cu,S.Hb,S^ 

Hutchinaonite,  CTl,Ag,Cu),8.Aa&  +  PbS. 

AfliS,? 
KlaprotholiU.  SOuiS.BiiS.. 
Boumonite,  3(Pb,Cii,)S.Sb,S^ 
SeUgnuumite,  3(Pb,Cu,)8.A9^ 
Aikmite,  2PbS.Cu^.Bi^,. 
Wittichenite,  SCu^.Bi^^ 
Stylotypite,  3(Cu,,Ag,,Fe)S.Sb,St 
LenBenbachite,  7|Pb,(Ag,Cu),lS.2A3A. 
Falkenhaynite,  SCu^S.Sb^St 
Tetraliedrite,  4Cu^.8b,S,. 
TKNNANTm;,  4CutS.A^8., 
Goldfieldite,  5Cu^.  (Sb, AB,Bi),  (S.Te)^ 
Enugitc,  3Cu,S.As^t. 
Famattnite,  3Cu,S.SbiSt. 
Sulvanite,  3Cu.8.V,S^ 
Epigenite,  4Cu,S.3Fe8.ABA. 
SrANNrrE,  Cu^.FeS.SnSi. 
Nantokite,  CuQ. 
MarHhite,  Cul. 
Miersite,  iAgLCuI. 
Atacamtte,  CuCl,.3Cu(0H)i. 
Percylite,  PbCI.CuO.H^O. 
Boleite.  9PbCl,.8Cu0.3AgCI.9H,0. 
Pseudoboleite,  5PbCI,.4Cu0.6H,0. 


^te,  4PbCV4Cu0.5HA 

Tallingite,  Hydrous  Cu  diiaride. 

Cuprite,  Cu,0. 

Teoorite,  Paramelaoooite,  CuO. 

Crednerite,  3Cu0.2ZiiiO). 

RosBsite,  2Cu0.3CuCOi.5ZiiCOt? 

MalMhlte,  CuCO,.Cu(OH).. 

Aiurite,  2CuCO,.Cu(OH),. 

Aurichalcite  2(Zn  Cu)COt3(Zn,Cu)(0HV 

Vt^te,  Hydrous  U,Ca,Cu,  carbonate. 

Dioptase,  H,CuSiO,. 

Planchfiite,  H,Cu,(Cu.OH),(ao,)u. 

CHRrBocoLLA,  CuSiOi.2Hrf). 

Shattuckite.  2CuSiOtHnO. 

Biabeeite,  CuStO,,H,0 

Otvenite,  Cu,(OH)AbOi. 

Libethenite,  Cu,(OH)PO,. 

Calciovoiborthite,  (Cu,Ca),VrfV  ■ 

(Cu,Ca)(OH),, 
Turanit*,  5CuO.Vrf)^2H,0. 


Bayldonite,  (Pb,Cu).Afl/V(Pb,Cu)(OH)t. 

Tagibt«,  Curf'^Cu(OH),.2H/). 
Leucochalcite,  Cu.A8.0kCu  (OH  ),.2Hrf). 
Barthtte,  3ZnO.Cu0.3A8.0i.2H.O. 
Volborthite,  Hydrous,  Cii,Ba,Ca,  vanadate. 
Comwallite,  Cu.As^,.2Cu{OH>,.H43. 
Tytolile,  Cu.A3,0,.2Cu(OH),.7HA 
Chalcophyllite,  7CuO.AB,0,.14Hrf). 
Vesielyite,    Hydrous    Cu,Zn,    pho6pbc>4r- 

Turquois,  Cu0.3Al,0).2P/>,.9H.O. 
Iiroconite,Cu^AI(AaO^)^3CuAI(OH)^20HIO 
Chenevmte,  Cu,(Fe0)tAs/)i.3H,O. 
Henwoodite,  AI.Cu,  hydrous  phosphate. 
Ceruleite,  Cu0.2AW),.ABrf),.8Hrf). 
Chalcoaiderite,  Cu0.2Fe,0,.2P.0^8Hrf>. 
Torbemite,  Cu(lI0,),Prf),.8H,0. 
Zeunerite  Cu{UOi),Asrf),.8H.O, 
Mixite,  Hydrous  Cu,Bi,  araenate. 
Trippkaite,  Cu,  araenite. 
Lindackerite,  3Ni0.6Cu0.SO..2AfliO^7H.O 
Gerhardtite,  Cu(N0,),.3Cu(0H),. 
Hydrocyanite,  CUSO4. 
Vauquelinite,  2(Pb,Cu)Cr04.(Pb,Cu),PrfV 
ConnelKle,  CuSO,.2CuCli.l9Cu(OH),.I«). 
Spangolite,  Cu,AiCISO,o.9H.O. 
Brochantite,  CuS0..3Cu(0H)^ 
Dolerophanite,  Ou^Ot- 
Caledonite,  2(Pb,Cu)0.S0t.Hta 
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Linarito,  (Pb,Cu)SO..(Pb,Cu)(OH),. 
Anthrit*,  CuS0..2Cu(0H),. 
Pisanite,  (Fe,Cu)S0,.7H,0. 
Boothite,  CuS0..7H^. 
Cupromagneaite,  (Cu^Ma)S0..7HiO. 
Chalcantmite,  CuSO4.5Hi0. 
Krflhnkite,  CuSO..Na^0..2H,0. 
Natroohalcite,  Cu.(0H),(S0.),.Na,S0*.2H,0 
PhiUipite,  CuSO,.Fe,(SO.)..nHA 
Lanpte,  CuS04.3Cu(OH),.H,0. 
HerrenKTundile,  2(CuOH)^0,.Cu(OH)i. 
Vemadskite,  3Cu804.Cu(OH),.4IW). 
Kamarezite,  Hydroua  basic  Cu  sulphate. 
Cyanotrichite,  4CuO.Al,OtSO,.8H^. 
Serpierite,  Hydroue  basic  Cu.Zu,  sulphate. 
Beaverite,  CuO.PbO.Fe,Oi.2SO,.4H^. 
Johannite,  Hydrous  Cu,U,  sulphate. 
Gilpinite,  (Cu,Fe,Nft,)O.UO,.&0t4H,O. 


GOLD 
Natire  Gold,  Au. 
Petiite,  (Ag,Au).Te. 
Sylvanitb,  (Au,Ag)Tej. 
Kremtente,  (Au,Ag)Tei. 
Calavbbite,  AuTei. 
Mutbmaniute,  (AgiAu)!^ 
Nagyi^te,  Au,Pb,  aulpho^elluride. 

IRON 
Native  Iron,  Fe. 
Awaruite,  FeNi,. 
Josephinite,  FeNii. 
Chalmersite,  C\iS.FeSw 
Stemberirite,  AoS.Fe^Sfc 
Peritlaatfite,  (Fe,Ni}S. 
Pyrrhotite,  FeS. 
Troilite,  FeS. 
DaubrteUte,  Fe8.CriS>. 
Badenite,  (Co.Ni,Fe),(AB,BiV 
CbalcoOTTite,  CuFeS,. 
Prrlte,  FeSt. 
Bravoite,  (Fe,Ni)S,. 
Cobaltnickelpyrite,  (Fe,Co,Ni)S^ 
Arsenoferrite,  FeAst. 
HarcaaUe,  FeS,. 
Lollingito,  FeAsi. 
ArMnopyrite,  FeAsS. 
Eichbergite,  (Cu,Fe),S.3(Bi,Sb}.8t. 
HiBtrixite,  5CuFeS,.2SbA. 731,8,, 
Berthierite,  FeS.Sb,S,. 
Stylotypite,  3(Cu,,Ag,,Fe)S.SbA. 
Molysite,  FeCl,. 
Lawrencite,  FeCIi. 
Rinneite,  FeCl,.3KCI.NaCl. 
Kramereite,  KC),.NH,Cl.Fea,.H^. 
Fjythroahterite,  2Ka.FeCl,.H^. 
Hematite,  Fe,0|. 
Ilmbnitb,  FeTiO,. 
Senaite,  (Fe,Mn,Pb)O.TiO,. 
ArizoDife.  Fei0..3TiO,. 
Sitaparite,  9.Mnrf>^4Fe,0*MnO».3CaO. 


Magnetite,  FeO.FeiO.. 
Frankunite,     (Fe,Zii,Mn)0. 

(Fe,Mn),0^ 
Magnedoterrite,  MgO.FeiOi. 
Jacobeito,  (Mn,Mg)0.(Fe,Mn)jCV 
Chromite,  FeO.Cr^, 
Pseudobrookite,  Fe<(TiO0t 
Bixbyite,  FeO.MnO,. 
GSthite,  Fe/)|.H/>. 
Lepidocrocite,  FeiO,.HiO. 
Limonite,  2Fe^^3H,0. 
Turrite,  2Fe,0tH,0. 
HydrogOthite,  3Ferf),.4Hrf>. 
Xanthosiderite.  F©/),.2H,0. 
Esmeraldaite,  Fe,0,.4HtO. 
Pyroaurite,  Fe(OH),.3Mg(OH),.3Hrf>. 
Stemmatite,  3MnO,,2Fe*,.6H,0. 
BeldoDgrite.  6Mu,0,.Fi^,.gHiO. 
Ankerite,  2CaC0,.MgCO,.FeC0^ 
Meaitite,  2MKC0i.FeC0^ 
Pifltomesite,  MgCX),.FeCOt 
Sdeiite,  FeCO.. 
BrupiaWllite,MgCO..SMg(OH),.Fe(OH)fc 

HrPEBSTBENB,  (Fe,Mg}8iOi. 

AcMiTK,  NaFe(SiO.),. 
Pvroxmangite,  Mn,Fe,  pyroxene. 
Babingtonite,    (Ca,Fe,Mii)SiOb    with 

Fe,(SiO,).. 
Anthophyllite,  (Mg,Fe)SiO». 
GiAtcoPHANE,    NaAl(SiO,),. 

(Fe,Mg)8iO,. 
RiEBBCKiTB,  2NaFe(SiO,),.FeSiO*. 
Crocidoute,  NaFe{SiOj),.FeSiO* 
ARrVEDBONiTE,  Na,Ca,Fe,  silicate. 
lEnigmatite,  Fe,Na,Ti-silicate. 
Weinbergerite,  NaAISiO,.3FeSiO,. 
Aatrolite,  (Na,K),Fe(Al,Fe),(SiO,)tH,Or 


Helvite,  (Be,Mn,Fe),S:,0„8. 
Almandite,  FbiA1](SlO,).. 
Andntdlte,  Ca,Fe,(SiO,).. 
Partschinite,  (Mn.Fe)iAl,8iiO». 


Biotite,  Mg-Fe  mica. 
LepEdomelane,  Iron  mica. 
Chloritoid,  H.(Fe,Mg)AJ^i(V 
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Proehlorite,  Fe,MK,chlorite. 
Moravite,  2F^.2rALFe),Ot7BiO,.2H*. 
Croiutedtite.  4Fe0.2Fe.O>.3SiO,.4HiO. 
Thuringite,  8Fe0.4(Al,Fe),0..6SiO,-flHiO. 

Sriffithil 

7B.0. 

Ch&maeite,  Fe,Mg,  eiLcate. 
Stilpnomelane  lVeBiii-.tcB 
Mingu^tite       f'eBUicaies. 
StrigoTite,  H.Fe,(Al,Fe)^A<. 
Spodiopbyllita,    <Na,4^),(Mg,Fe),(Fe,Al), 

{SiO,)p 
CeWooite,  Fe,Mg,K,  silicate. 
Glauconite,  Hydrous  Fe.K,  silicate. 
Pholidolite,    K|O.I2(Fe,Mg)O.A)i0..13SiO,. 

6U|0. 
Faratsihite,  (Al,Fe)^i.2SiO,.2H,0. 
Melite,  2(Al,Fe))0|.SiOi.8H^. 
Chloropal,  H,Fe,(8iO,)i.2H,0. 
Mullente,  Fe.Si.0..2HiO. 


AstrophylLte,    Na,  K,  Fe,  Mn,     tiUno-ol- 


Phuma«Miderite,6FbAa0..2Pe(OH)i. 

12H,0, 
Ludlunito,  2FeJ'^..Pe{OH),.8H/}. 
Cftconuite,  FePOt.Fe(OH)t41HiO. 
Beraunite,  2FePO,.Fe(OH),.2iH/). 
Childrenite,  2AlP04.2Fe(OH),.2H^. 
Maiapilite,  CaJei{A80.}i.2FeO(OH).5H,0. 
Yukonite.  (Ca^Fe,'")  (ABO0,.2Fe(OH)^ 

5H,0. 
Calcioferrite,  CaJi'e,(P0.)..Fe{0H)^8H,O. 
Borickite,  Ca^f,{PO.)tl2Fe(OH),.6H^. 
Kgueiite,  Hydious  Fe,Al,C&,  phosphate. 
Richeht*,  4FeP/>,.Fe,OF,(OH),.36H,0. 
Chenevixite,  Ciii{FeO)>As/:)i.3HiO. 
Chalcoddente,  Cu0.3Fe,Oi.2PtOi.8HiO. 
RoBch&ite,  (Mn,Fe,Ca),A](OH)(PO*V 

2Hrf). 
Tripuhyit«,  2FeO.SbiO(. 
Fkjolotite,  4Fe8bO,.3HfO. 
Catoptrite,    14(Mn,Fe)0.2(Al,Fe)i(V2SO». 

Derbylite,  Fe  antimo-titanate. 
Diadochite,    Hydrous    Fe   phoephat«   and 

sulphate. 
Pitticite,   Hydrous  Fe  arsenate  and  sul- 

Beudantite,  3Ferf),.2Pb0.2SCVAB/V6Hrf). 
HinsdaUte,  3Fe,0,.2Fb0.2SO..P^).6HtO. 
Loeseoite,   Hydrous   Fe,Pb,   arseaate   and 
HulDbate. 


Messelile  (Ca,Fe),P^,.2iH,0. 
Anapaite,  (Ca,Fe).P,0,.4H.O. 
Vivianite,  Fe,P,0,.8Hrf). 


Vilateite,  Hydrous  Fe,  Mn,  phosphate. 
Purpurite,  2(Fe,Mn)PO«.HiO. 
Strengite,  FePO.,2H.O. 
Phosphosiderite,  2FePO,.3iHiO. 
Bammdite,  (Al,Fe)P0,.2H,0. 
Koninckite,  FeP0,.3H,0. 
Sicklerite,  Fe/>,,6Mn0.4P^..3{Li,H)^. 
SaUnonsite,  Fei0..eMn0.4PA.  14H^. 
Liskeardite,  (Al,Fe)AaO<.2(A],Fe){OH)^ 
6H^. 


Coquimbite,  Fe,(SO,)t.9HiO. 
Quenstedtite,  Fe,(SO,}i.lOH,0. 
IhlSite,  Fe,(SO.)..12Hrf>. 
PhiUipite,  CuSO,.Fe,{SO,),.nH^. 
Ferronatrite.  3Na,SO,.Fe,(80,V6H,0. 
Rflmerite,  FeSO(.Fe,(SO0i.I4H.O. 
Beaverite,  CuO.PbO.FeA.2S0^4H*0. 
Vegasite,  PbO.3Fe,0,.3SOk6aO. 
Copiapite,  2FeiOi.5SOi.l8H,0. 
Castanite,  Fe^i.280).8HiO. 
Utahite,  3F©,0,.2S(X7HA 
Amaronthite,  FeiOi.2SOi.7H^. 
Fibroferrite,  Fe^i.2SOi.lOH,0. 
Raimoadite,  2Fe,Oi.3SO|.7HiO. 
CarphoBiderite,  3Ferf),.4S0..7HK). 
Planoferrite,  Ferf),.80..16Hrf). 
Glockerite,  2Fe,0|.SOi.6HiO. 
Kooxvillite,  HyditHis  Fe,^Cr,  sulphate. 
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Cyjwuflite.  7Fe,O..AW)tl08O^14H,O. 
Botryogen,  MgO.FeO.Fet0^4SOi.l8HiO. 
Stderon&tnte,  2Na,O.Fe.Oi.4SOi.7HiO. 
Voltaite,  3(K,,Fe)0.2(Al,Fe)^,.680,.9H*. 
Metftvoltioe,    5CK,,Nft,,Fe}0.3Fe,0,.12SO,. 

I8H1O. 
Jaroaite,  K|Fe.(OH),(8O0t- 
Natrojarosite,  Na,Fe.(OH)i,(SO,),- 
Plumbojajosite,  PbFe.(OH)„{SO,).. 
Quetenite,  Mg0.Fe,O,.3SO,.  I3H/). 
Rhomboclase,  Fe,0,.4SO,.9H,0. 
EnunoDsito,  Uydrous  Fe  tellurate. 
Durdcnite,  Fe,(TeO.)^4H^. 
WoLFRAinro,  (Fe,Mn)W04. 
Reinite,  FeWO^ 
FerritunBTtite,  Ferf>^WO,.6HiO. 
Uumboltine,  FeCiOt.2HiO. 

LEAD 
Native  Lewi,  Pb 
Galena,  PbS. 
Altaite,  Pb,Te. 
Clausthalite,  FbSe. 
Naumaimite,  (Agi,Pb)Se. 
Zorgite,  Pb,Cu,  aelenide. 
ChivUtite,  2PbS.3Bi,8,. 
Resbanyite,  4PbS.6Bi|S,. 
Zinkenite,  PbS.Sb^. 
Andorite,  AR.S.2PbS.3SbiSt. 
Sartorite,  Pte.AsA- 
Platynite,  PbS.Bi,8e,. 
Gatenobiamutite,  PbS.BiiSi. 
Hutehinaooite,     (TI,Ag,Cu),8.AaA  +  PfoS. 

Aa,8,7 
Bauinhauerits,  4Pb8.3ABtSi. 
Schinnerite,  3(Agi,Pb)S.2Bi^ 
Hathite,  3PbS.2As,S,. 
JameBonite,  2PbS.8b,8,. 
Dufrenoysite,  2PbS.ABiSi. 
Coealite,  2PbS.BiA. 
Kobellite,  2PbS.(Bi,Sb)^. 
Flacioiiite,  Heteromorphite,  Semaeyite,  Pb, 

Sb,  sulphides. 
Freiealebenite,  5CPb,Aa,)S.28b,S,. 
Diaphorite,  5(Pb,Ag,)8.28bA. 
BouWgerite,  5PbS.2Sb.Si. 
Mullauite,  5PbS.2Sb,S.. 
Boumonite,  3(Pb,Cu,)8.SbA. 
Seliemanite,  3(Pb,Cui)S.A^. 
Aikuiite,  2PbS.Cu.S.Bi,S,. 
Lillianite,  3PbS.(Bi,8b),S,. 
Guitemmnite,  SPbS.AsiS,. 
LenKenbachite,  7[Pb,(Ag,Cu),1S.2As^ 
Jordanite,  4PbS.AH^. 
Meneghinite,  4PbS.Sb,Si 
Geocronite,  SPbS.SbA. 
Be^erite,  6FbS.Bi,St. 
EpibouIanKcrite,  SPbS.SbiSt. 
Teallite,  PbSnS,. 
Franckeite,  Pb>Sii|FeSb^ii. 
Cylindiite,  Pb>Sn<FeSb,S,h 
Cotunnite,  PbCli- 


Percylite,  PbCl,.CuO.H,0. 
Boleite,  9PbCl,.8Cu0.3AgC1.9H^. 
Pseudo-boleite,  5FbCI|.4Cu0.6H.O. 
Cumenpte,  4PbCI,.4Cu0.6HiO. 
MatlocBte,  PbCl,.PbO. 
Mendipite,  PbCl,.2PbO. 
Lorettoite,  PbCl,.6PbO. 
Laurionjte,  PbCl,.Pb(OH),. 
Penfieldite,  2PbCl,.PbO. 
Daviesite,  Pb  oxychloride. 
SchvarUenbeTKJte,  Pb(I,CI)..2PbO. 


ES=^  )pb,cu,™>d.«,. 

Fumacite,  Pb,Cu,  chrom-arseDate. 
TBumebite,  Pb,Cu,  phos^iate. 
Rosi£T^it«,  Hydroua  Al,Pb,Cu,  phosphate. 
Ferraiite,  3(Ba,Pb)0.2P,0.,8H,0, 
Bayldonite,     (Pb,Cu),A8,0,.(Pb,Cu)(0H)i. 

H,0. 
HQgelite,  Hydrous  Pb,Zn,  vanadate, 
Bindheimite,  Hydrous  Pb  antimonate. 
Nadorite,  PbClSbO,. 
Ecdemite,  Pb<ABiO;.2PbCli. 
OchroLte,  Pb^b,0,.2PbCl,. 
MauzeUite,  Pb,Ca,titan[>-antiiiionat«. 
Beudantite,  3Fe,Oi.2Pb0.2SOi.A9,0,.6H,0. 
Hinsdalite,  3Fe,0,.2Pb0.2SO..P^i.6H,0. 
Losseaite,  Hydrous  Fe,  Pb,  araenate  and 

sulphate. 
AoclMlte,  PbSO,. 
Cbocoitb,  PbCrOj 
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Phtenicochroite,  3Pb0.2CtO,. 
Vauquelinite,  2(Pb,Cu)CK)4.(Pb,Cu)J'^v 
BeUite,  Pb  orseno^hromate. 


Anthophtixit^  (Mg,Fe)SiO.. 
Amphibole,  C&,Mz,  etc.,  silicate. 
Glaucophane,    NiAI(SiO,),.(Fe,Mg)giO, 
loLiTE,  H,(MK,Fe)4A!,Si,^,. 
MolybdoDhvllite.  (Ph.MiflSifi.  Bj^ 


Htoliite     1  Dkwri 
Raflpite    fPbWO,. 
ChiDagite,  3PbWO..PbMoO«. 
WotreNiTE,  PbMoOt- 

LITHIUM 
Petalite,  LiAl(Si,Oi),. 
Spodnineae,  IJAl(SiOi)i. 
Euciyptite,  LiAlSiOo 
Lbpidolite,  Lithium  mica. 
Zinnwaldite,  Lithium-iron  mica. 
MaDandonite,  HMLi(Al„B,Si/)a. 
Triphtlite,  LL(Fe,Mn)PO,. 
Uthiopbilite,  Li(Mn,Fe)PO. 
AMBLTaaNiTB,  Li{AlF)PO,. 
Fremontite,  (NB,Li)Al(OH,F)PO.. 
Sicklerite,  Fe,0,.6Mn0.4P,0,.3(Li,H),0. 

MAGNESIUM 
ChloromaKneeite,  MgClt. 
Sellaite,  MiPi. 

Nocerile,  2{Ca,Mg)F,(Ca,Mg)0. 
Koeneuite,  Al.Me.  oitvchloridR 


Spwiiophyllite,  (Na,,K,),<Mg,Fe),(Fe,Al), 

Serpentine,  H«MgiSi,Ot. 
Deweylit«,  4Mg0.38iO,.6H,0. 
Genthite,  2Ni0.2Mg0.3SiO,.6H,0. 
Nepouite,  3(Ni  MK)0.2SiO,.2H,0. 
Garnioile,  H,(Ni  Mg)SiO.  +  water. 
Talc,  H,M6(8iO,),. 
Sbmolitb,  H,  MgiSijOi  s. 
Spadaite,  6MK0.6SiO,.4H^. 
Saponit«,  Hydioua  Mg,Al,  silicate. 
Celadonite,  Fe,Mg,K  silicate. 


Gajjte,  basic,  hydrous  Ca,Mff,  carbonate. 
Stichtite,  2MRCq,.5Mg(OH),.2Cr(OH},. 
E^STATiTK,  MgSiO» 


Stnivite;  HydrouB,  ffH^Mg,  phiisphat* 
PyrophoBphorite,  Mg,P,07.4(CaSo,. 

CflflPtO,). 
Roselite,  (Ca,Co,Mg)wW)..2H,0. 
Bobierrite,  Mg,P,0..8H/). 
Hoemesite,  MgiA^,.8II,0. 
Cabrerite,  (Ni,Mg),As,0,.8H^. 
Newberyite,  HMgP0..3H,0. 
Hannayite   I  HydrouB,  NH,,Mg, 
Schertelite  /     phosphates. 
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ronte,  A 
SchuoUte,  HNa(Ca,Mn),<SiO.)i 
L&venite,  Zr-flilicate  or  Mn,  Ca. 
Khodonite,  MnSjO,. 
PyraxmaiigitA,  Mn^Fe  pyroxene. 
Babiogtonite,  (Ca,Fe,Mn)8iOi  with 

Fc^iO,).. 
MargaroBanite,  Pb(Ca,Mn),<SiO,)i. 
HeMw,  (Be,Mn,Fe),8i,0„S. 
Danalite,  (Be,Fe,Zn,Mn),SiA)it8. 
Spessartlte,  Mn,Al,(SiO,),. 
Partechinite,  (Mn,Fe)^l^i,0„. 
Glaucochroite,  CaMoSiOi. 
Knebelile,  (Fe,Mn)^iO*. 
Tephroit*,  Mn^iO,. 
Trimerite,  (Mn,Ca)^i04.Be,8iO,. 
Friedelile,  H,(MnCl)Mn,Si/),.. 
Pyrosmalite,  H;((Fe,Mn)a)(Fe,Mn),Si,0„ 
Piedmontite,  Md  epidote. 
Hanoockite,  Pb,Mn,Ca,Al,  etc.,  silicate. 
Harstiote,  Mn,Ca,  silicate. 
LeucoplKeiucite,  Mni(MnOH)t(8iOt)i. 
Ardeiinite,  Al,Mn,V,  silicate. 
lAugbanite,  Mn  silicate  with  Fe  antimon- 


.  MANGANESE 
Alabandite,  MdS. 
Hauerite,  MnSi. 
Samaooite,  2AbS.MnS.Sb<S.. 
Sacchite,  MnCt. 

Chlorman^auokalite,  4KCI.MdCI|. 
Manganoaite,  MnO. 
Seowte,  (Fe,Mn,Pb)O.TiO,. 
IMwphanite,  MnTiO.. 
Sitaparite,  9Mn,0,.4Fe,0,.MnO,.3CaO. 
Vredenburpte,  3Mn/),.2Fe,0,. 
FRANKLiNiTE,  (Fe,Zii,Mn)0.(Fe.Mn)iO,. 
Jaeobsif«,  (Mn,Mg)0.(Fe,^Mn),0.. 
Hausmamute,  MdO.MdiO). 
CoTonadite,  (Mn,Pb)Mii.O,. 
Cr«dnerite,  3Cu0.2Mnrf),. 
BaAUNiTE,3Mn,O..MnSiO.. 
Bixbyite,  FeO.MnOt. 
Polianite,  MnOi. 
Pyrolndte,  MaOt. 
Hanganite,  MniO>.H]0. 
Pyrochroite,  Mn(OH)^ 
BSckstrdmite,  Mn(OH)i. 
Chalcophanite,  (Mn,Zn)0.2MnO,.2HiO 
Hetaawlite,  2Zii0.2Mii^.lH,0. 
P^omelane,  Hydrous    Ma    : 
Wad,  Mn  oxidee. 
Skemmatite,  3MnO,.2FeiOi.6HiO. 
Beldongrite,  8Mn,O^Ferf),.8HK). 


P6chite,  HiiFeiMn^iA)n. 
Ineflite,  H,fMn,Ca)|3i.0l^3H,0. 
GanophylLte,  7MnO.AliOt.8SiOi.6HiO. 
Aiurgite,  Manganese  mica. 
Dixenite,  MnSTO,.2Mn>(OH)AsO|. 
Bementite,  H.Miu(SiO.)(. 
Ectropite,  MniSiiOi).7HiO. 
AgnoQte,  HiMn.(SiO.),.H>0. 
Hod^nsonite,  3{Zn  Mii)O.SiO,.Hrf>. 
Gageite,  Hydrous,  Mn,MK,Zn.  siUcato. 
Caryopilite,  4Mn0.3Si0..3HiO. 
Neotocite,  HydrouH,  Mn,  Fe,  silicate. 
AjBtroph/Hite,  Na,K  Fe,Mn,Ti-Bilicate. 
Neptunite,  Pe,Mn,K,Na,  titano-silicate. 
Columbitb-Tantaute,  (Fe,Mn) 

(Nb,Ta)^,. 
Hielmite,  Y,Fe,MnCa,  stanno-tant^late. 
Berieliit«,  (Ca,Mfi;,Mn,Nai)iAs,Oi. 
Lithiophilite,  Li(Mn,Fe)PO,. 
Natrophilite,  NaMnPO,. 
Graftonite,  (Fe,Mn,Ca),P,0.. 
TripLte,  (RF)RPO<;  R  -  Fe,Mn. 
Triploiditc  (ROH)RPO.;  R  =  Mn,Fe. 
Sarkinite,  (Mn0H)MQAs04. 
Trigonite,  Pb^iiH(ABO.)i. 
Locroixite,  Na((Ca,MD}iAl.(F,OH)(PA». 

2H,0. 
Pyrobelonite,  4Pb0.7Mn0.2V^..3Hrf). 
Allacttte,  Mnu\siOi.4Mn(OH)>. 
Synadelphite,  2(AI,Mn)ABO,.5MD(OH)i. 
FTinkite,  MnAa0,.2Mn(0H),. 
Hematolite,  (AI,Mn)A«0*.4Mn(OH),. 
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Dickinsonite  )  Hvdrous  Mn.Fe.Na. 


!,  H(Mn,Zn,Mg)B(V 
PinokJoLte,  SMKO.BiOi.MnO.MuiOi. 
Simikite,  MnSO.H^. 
Iksite,  (Mn,2n,Fe)S0..4H/). 
Malkrdite,  MnSO^.TU/). 
Apjohnite,  MiiSO,.Al,(SO,)i.24H,0. 
Ehetrichite,    (Zii,Fe,Mn)SO,.Al,(SOJi. 

22H.O. 
Hllbnerite,  MnWO.. 

MERCURY 
Native  Mercury,  Hg. 
Amalgam,  (A^H^. 
Metacinnaban  te,  HgS. 
Tiemannite,  H^. 
ODoTrite,  Hg(S,Se). 
Cotoradoite,  HgTe. 
Clniutwr.HgS. 
LiviDgstonite,  HgS.28b& 
Calomel,  HgC], 
Kleinite,  Hg.NH.,  chloride. 
Egleetonite,  Hk<C1iO. 
Teriinpiaite,  HgClO. 
Moeeaite,  Hydrous  Hg,NH«,  chloride. 
Montroydite,  HgO. 
AmmioUte,  Hg  antimonite. 

MOLYBDENUM 
Hol;bd«iiite,  MoS,. 
Molybdite,  MoO|. 
Powellite,  CafMo-WjO,. 
Chillagite,  3PbWO.,PbMoO^ 
WlJLFKMTT!,  PbMoOi. 
Koechlinite,  BiA.MoOi. 

NICKEL 
AworuiU,  FeNi,. 
Joeepbinite,  FeNit. 
Maucherite,  NuAsi, 
Pbntlanuitb,  (Fe,Ni)S. 
Hil]«rlte,  NiS. 
Beyrichite,  NiS. 
Hauchecomite,  Ni(Bi,Sb,8}T 
Niccolite,  NiAs. 
Brcithauptite,  NiSb. 
Polydymite,  NiiSt 
Badenite,  (Co,Ni,Fe),(As,Bt)(. 


Bravoite,  (Fe,Ni)S|. 
Cobaltnickelpyrit*.  (Co,Ni,Fe)Si. 

CHLOANTBrrE,  NIABi. 

Gersdoiffite,  NiAsS. 

Wiilyamife,  CoS,.NiS,.CoSb,.NiSb,. 

ViUamaimute,  Cu,Ni,Co,Fe,  sulphide. 

UUmanite,  NiSbS. 

KaUilite,  Ni(Sb,Bi)a 

Rammelsbei^te,  NiAsj. 

Wolfachite,  Ni(A8,Sb>S. 

Melonite,  NiTe,. 

Bunaenite,  NiO. 


PLATINUM 
HatfVe  Platiiiiiin,  Pt. 
Sperrylito,  PtAs.. 

POTASSIDM 
Sn-vrre,  KCl. 

Chlorman^nokalite,  4Ka.MDCl*. 
Riimeite,  FeCl|.3KCl.NaCl. 
Hieratite,  K,8i,  fluoride. 
C4BNALUTE.  KCI.MgC!..6Hrf>. 
Kiemersite,  Ka,NILCl.FeCl,.H^. 
Eiythroaiderite,  2KCl.FeCl,.H^. 


UuBCOVJte,  HiKA].(SK><)i. 
Tteniolite,  K,Mk,  Hilicate. 
SpodiophylLte,  (Na.K>),(Mg,Fe)t(Fe,Al)i 

(SiO,),. 
Celadomte,  Fe,Mg,K,  Bilicate, 
Glauconite^  Hydroue  Fe,  K,  silicate. 
AstrophyUite,  NB,K,Mn,Fe,  titaoo-ailicate. 
Paimerite,  HK,Al,(PO,),.7Hrf). 
Camotite,  K,0.2Urf>,.V/^.3H,0. 
Niter,  KNOi- 
RhodiEite,  A1,K,  borate. 
Heintiite,  Hydrous  Mg,K,  bonte. 
Taytorite,  6ft,80,.(NH,),SO* 
Aphthitalite,  (K,Na),804. 
Langbeinite,  KtMg,(SOt)i. 
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Kaintte,  Mg90..KC1.3Hrf). 
Haoksite,  9Na«SO..2Na,C0..Ka. 
Mbenite,  HKSO,. 


ISHiO. 
Aldnite,  K^.(0H)„{S0,)4. 
Jaroaite,  K,Fe,(OH)„(8O0<. 
Palmiente,  3(K,Na)^,.4PbSO<. 
LOwigite,  l^.3Ati0..4SO,.9H/). 


SILVER 


DvBcrosite,  Annitb- 
C&ileoite,  Aai^i. 
Cocinerite,  CuiAgS. 
KtUUite,  AgtTe. 
NauTOannite.  (Ag,,Pb)SB 


Caofieldite,  4Ag>S.SnSi. 
Centreyrite,  AgCl. 
EmboUte,  AK(Br,Cl). 
Bromyrite,  AgBr. 


SODIUM 
HaUte,  NaQ. 
VUliaumite,  NaF. 
Huantajayite,  20NaCl.AsCI. 
Rinneito,  FeCI..3KCl.Nt£l. 
CBroLTTV,  NatAIFi. 
Chiobte,  5NaF.3AlF,. 
RflJstomte,  (Na,,Mg)F,.3AlCF,OH),.2Hrf). 
Northupite,  MgCO,.N8,CO..Naa. 
Tychite,  2MgCO,.2Na,CO,.Na,SO,. 
Dawsonite,  Na^l(CO,),.2Al(OH),. 
Thermouatrite,  Na,CO,.H,0. 
Natron,  N8,CO,.10H,O. 
RtBBomte,  CaCO,.Na,C0..2HiO. 
Gay-LuMite,  C8C0,.NaiCO,.5H,0. 
Trona,  Na.CO,.HNaC0..2HiO. 
Eudidymite,  Eptdidymite,  HNoBeSiiOi. 
Rivaite,  (Ca,Na,)Sj^t. 
Anorthoclase,  (Na,K)AlSi/).. 
Albite,  NaAlSiiOi. 

91?}^^     iMijtturee  of  NaAlSuO.  and 
Labnuloritej     C-Al^'-O.. 
Anemousite,  Na0.2Ca0.3AltO>.9SiOt. 
Ussiiigite,  HNB,Al{SiO,)i. 
AciUTE,  NftFe(SiOi).. 
Jadeite,  NaAl(8iO))>. 
Pectolitb,  HNaCa,(SiO,),. 
Schiioijte,  HNa(Ca,Mn)riSiO,),. 
ROBenbuHchite,  near  pectolite  with  Zr. 
Wohlerite,  Zr-eiUcal«  and  niobate  of  Ca,Na. 
Hiortdahlite,  (Na,.Ca)(8:,Zr)0,. 
Gladcophanb,  NaAl(SiO^),.(Fe,Ms) 

SiO.. 
RiEBKCKiTB,  2NaFe(SiO,),.FeSiO,. 
Crocidolite,  NaFe(SiOi)i.FeSiOi. 
Arfvedsonite,  Na,Ca,Fe"  silicate. 
jEnigmatitc,  Fe,Na,Ti-«licate. 
WeJnbergerite,  NaAlSiOiSFeSiOi. 
Elpidite,  Na,O.ZrO,.6SiO,.3Hrf). 
Catapleiite,  Hi(Na,,Ca)ZrSiiO„. 

NeplieUt«,  NaAlSiO.. 

CANCEtNTTB,     H,Na,Ca{NaCX)i),Al, 

(SiO.),. 
Microsoimnite,  Davyne,  near  canohmte. 
SoDALiTB,  Na*(AlCl)A],(Si04), 
Hackmanite,  near  sodalite. 
Haotnitb,  {Na,,Ca),(NaSO,.Al)Al, 

(SiO.),. 
Noeelite,  Na((NaSOi.Al)Al,(SiO.).. 
Laztirite,  Na4{NaS,.Al)Al,(SiO.)^ 
ScAFOLiTB  Group,  Mixtures  of 

Ca,Al^i.O»  and  Na.Al.Si«OHCl. 
Sareolite,  (Ca,Na,),Al,(SiO.).. 
MeUUte.  Na,(Ca,Mg)n(Al.Fe)i(SiO«>^ 
Mordenite,  (Ca,K^Na,)AI,Si,oO«.20HiO. 
Stilbite,  (Na,,Ca)Al|Si,0,t.6HiO. 
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Flokite,  H,(Cft.Na,)Al^iA.-2H<0. 

Chabazite,  (CB,Na,)A].Si^!.6H|0. 

Gmelinite,  (Na,Ca)Al,Si/>i,.6IW>. 

Aiuldta,  NaAlSi|O«.H|0. 

Faujasite,  H.Ns,CaAl.SiioOi).18HiO. 

HatroUte,  Na^.SiiOi>.2H,0. 

Meeolite,   Na,A]^0,o.2U/>  +  2|CaA],8i, 

OioSH^J. 
Gonnardite,  (Ca,Nit,),Al^i.O,t.5)B,0. 
Thomsomto,  (Na,,Ca)Al^i,0i.2iH/). 
HydTDthontBOiiite,  (Hi,Nai,C&)Al^i,0|. 

Arduinite,  Ca.Na,  icoHte. 
EcheUite,  (Ca,Na,)0.2AliOi.3SiO,.4H,0. 
Epidesmine,  <Nai,Ca)Al£i.O,..6H,0. 
Erionite,  H,CaK,Na»Al^irf)i,.5H,0. 
Hydronephelite,  HNa,Al,SbO„.3H^. 
ParaRonite,  H|NaAl.(SiO0i. 
SpotfiophylUte,  (Na.,K>)i(Mg,Fe}i(Fe,AI)i 

(SiO.).. 
Searlesite,  N&B(SiOi)i.H|0. 
Molenaraafite,  Ca.Na,  titano-silicate. 
Astropnyllite,  Na,K,Mn,Fe, titano-silicate. 
NaiBoisukite,  Fe,Na,titani>-eilicat«. 
Leucosphenite,  Na*Ba(TiO),(Si,0,)i. 
Lorenienite,  Na,(TiO).Si^,. 
Epistolite,  Ti,Na,etc,,  niobate. 
Berzeliite,  (Ca,Mg,Mn,Na,).AB,0,. 
Natrophilite,  NaMnPO.. 
BeryUonite,  NaBePO,. 
Je&kite,  Na*CaAl(AIO)(F,OH)*(PO,)i. 
Lacroixite,   Na,(Ca,Mn)4Al.(F,OH)J'iO„. 

2IW. 
Durangite,  Na{AlF)ABOi. 
Fremontite,  (Na,Li)Al(OH,F)PO.. 

fS^'^''  )3(Mn.Fe,Na.).P^,.HA 
Stercorite,  HNa(NH,)PO,.4H,0. 
Soumanaite,  Hydrous  Al,Na,  fluophoephate. 
Soda  Niteh,  NaNO,. 
Darapskite,  NaNO,.NajSO,.H,0. 
Nitroglauberite,  6NaN0..2Na,S04.3H.O. 
Borax,  Na,B.O,.I0H,O. 
Ulexite,  NaCaB.0,.8R^. 
Tbenardite,  Na^,. 
Aphthitalite,  (K,Na),SO,. 
Gi^uBEaiTE,  Na,SO,.CaSO,. 
Vaathoffite,  3Na,SO.,M^O,, 
Sulphohalite,  3Na,S0..NaCl.NaF. 
Caracobte,  Pb(0H)Cl.NaVS04. 
Hanksite,  9Na,SO.-2Na,CO..KCl. 
Leoontite,  (Na,NH.,K),S0(.2HA 
Miralalite,  Na,SOt.  10H,0. 
L5weite,  M^0,.Na,S0,.2tH|0. 
BlOdite,  M^,.Na,S0..4H:0. 
Mendozite,  NaAl(S04)i.I2H,0. 
Krehnkite,  CuSO„Na,SO,.2HA 
Natrochalcite,Cu,  (OH),  (SO,),.Na,8O,.2H,0. 
Ferronatrite,  3Na,SO..Fe,{SO,)i-6H,0. 
Sideronatrite,  2Nft,O.Ferf),.4SO,.7H^. 
MetavolUne,    5(K,,Nat,Fe)0.3FeiOi.l2SOt. 

18H.0. 
Natiojaro8it«,  NaiFet(0H}it(S0t)4. 


STRONTIUM 


THORIUM 

?SSS'')c^o.,Y,-ii,a««iii=.». 

Thorite,  ThSip.. 
Auerlite,  Th  silico-phosphate. 
Yttrialite,  Th.Y,  sflicMtc. 
Mackiotoehite,  U  Th,Ce,  silicate. 
y ttrocraBite,  Hydrous  Y.Th,  titaoate. 

Srochlore,  RNb,O,.R(Ti,Th)0,. 
ONAZTTE,  (Ce,La  Di)PO,  with  ThO». 
Tborianite,  Th  and  U  oxidee. 

TIN 
Stannite,  Cu,8.FeS.SnS|. 
Canfieldite,  iAgS-SoSi. 
Teallite,  PbSnST^ 
Franckeite,  Pb.SD,Fe8biS„. 
Cylindrite,  Ph,Sn,FeSb^,^ 
Cassiterite,  SnOi. 
Sti^esite,  H,CaSn8iiOii. 
Hielmite,  Y,Fe,Mn,Ca,  stanno-oiobale. 
Nordenskidldine,  CaSn{BO,)i, 
Hubite,    12(Fe,Mg)0.2Ferf)i.lSn0^3BA- 
2H^. 

TITANIUM 
Iluenite,  FeTiOi- 
Senaite,  (Fe,Mn,Pb)O.TiO^ 
Ariionite,  Fe,0,.3Ti0,. 
Pyrophanite,  MnTiO,. 
Pseudobrookite,  Fei(TtOO). 
Rntite,  TiO.. 

Octahedrite,  Brookite,  TiO.. 
Uhligite,  Ca{Ti,Zr)0,.A](Ti,Al)0^ 
Sehlorlomite,  Ca.(Fe,Ti),((Si,Ti)O0^ 
Tltanite,  CatiSiO.. 
Molengraafit«,  Ca.Na,  titano^licate. 
Keilhauite,  Ca^Fe,Y,  titano-eilicate. 
TBchefiTkiaite,  Ce,  etc.,  titaD&«ilJcate. 
AstrophyUile,  Na,K,Fe,Mn,  titano-eiUcate. 
Johnstrupite  1 

Moeandnte    |    Ce,  etc.,  titano-ailicalee 
Rinkite  | 

Narsaraukite,  Fe.Na,  titano-silicate. 
Neptunite,  Fe,Mn,Na,K,  titano-siUcate. 
Benitotte,  BaTiSi.O^ 
Leucosphenite,  Na,Ba(TiO),(SiA)t. 
LorenKenite,  Na,(Ti0)^i,O7. 
Joaquinite,  Ca,Fe,  titano^iiicate. 
Perovskite,  CaTiOi. 
Knopite,  Ca,Ce,  titanate. 
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Y,Ce,U,  niobate- 
titanates. 


DysamUyte,  Ca,Fe,  titano-silicate. 
Geikieiite,  MsLFe,  titanate. 
Delorenzite,  Fe,U,Y,  titanate. 
YttroGTasite,  Hydrous  Y,  Th,  titanate. 
Brannerite,  (UO,TiO,UOt)TiO». 
Pyrochlore,  RNbtO..R(Ti^Th)Oi. 
Aeachynite,  Ce,  niobate-titanate. 
Polymignite,  Ce,Fe,Ca,  niobate-titanate. 
Euxenite 
Polycrase 

Blomstrandine-Priorite 
Betafite,  U^^etc^  niobate-titanate. 
Epistolite,  Na/Ii,  etc.,  niobate. 
Lewisite.  5Ca0.2TiOs.3Sbs06. 
Mauzeliite,  Pb.Ca,  titanoantimonate. 
Warwickite,  (Mg,Fe),TiB,Os. 

TUNGSTEN 

Tungstenite,  WSj. 
TungBtite,  W0|. 
WoLFBAMiTE,  (Fe.Mn)W04. 
Habnerite,  MnW04. 

SCHEEUTE,  CaW04. 
CuprotungBtite,  CuWO*. 
Powellite,  Ca(Mo,W)04. 

l±i£  }pbwo. 

Chillagite,  3PbW04.PbMo04. 
Reinite,  FeW04. 
Ferritungstite,  FejO».WOs.6H,0. 

URANIUM 

Rutherfordine,  UO,CO|. 
Uranothallite,  2CaCO,.U(COi)t.lOH,0. 
Liebigite.  Hydrous,  U,Ca,  carbonate. 
Voglite,  Hydrous,  tl,  Ca,  Cu,  carbonate. 
Mackintoshite,  U,Tn,Ce,  silicate. 
Uranophane,  Ca0.2UO,.2SiO,.6HiO. 
Delorenzite,  Fe.U,Y,  titanate. 
Branneritej  (UO,TiO,UO,)TiO,. 
Hatchettohte,  U,  tantalo-niobate. 
Samir^te,  U,  etc.,  niobate. 
Fergusonite,  Y,E}r,U,  niobate. 
Samarskite,  Fe,Ca,U,Ce,Y,  niobate. 
Ampangab^ite,  U,  etc.,  niobate. 

Annerodite,  U,Y,  niobate. 
Euxenite 
Polycrase 

Blomstrandine-Priorite 
Betafite,  U,  niobate-titanate. 
Plumboniobite,  Y,U,Pb,  niobate. 
Uvanite,  2UO,.3V20».15H,0. 
Ferganite,  U,(V04)2.6H,0. 
Torbemite,  Cu(U02)»P,0«.8H,0. 
Zeunerite,  Cu(UOi)jAs208.8HsO. 

fiSte  }Ca(U0,),P,0s.8H^. 

Uranospinite,  Ca(UOs)tAsi08.8H20. 
Uranocurcite,  BaCUOOaPjOsSH^. 
Caknotite,  K,0.2UjO.V,0..3H^. 
Tyuyamunite,  Ca0.2UO|.V20..4H^. 
Uranoepathite,  Hydrous  uranyl  phosphate. 


Y,Ce,U,  niobate- 
titanates. 


Phosphuranylite,  (UO,)»P,08.6HjO. 
Trogerite,  (UO,)»As,08.12H,0. 
Walpurgite,  Biio(UO,)8(OH),4(As04)4. 
•Uraninite,  Uranyl,  etc.,  lu-anate. 
Gummite,  alteration  of  uraninite. 
Thorianite,  Th  and  U  oxides. 
Uranosphffirite,  (BiO)jUs07.3H80. 
Johannite,  Hydrous  Cu,U,  sulphate. 
Gilpinite.  (Cu,Fe,Nai)O.UO«.SO|.4HaO. 
Uranopilite,  CaU8S,Oii.25HsO. 

VANADIUM     • 

Patronitb,  VS4. 

Sulvanite,  SCujS.VjS,. 

Alalte,  VjCHjO. 

Ardennite,  AI,Mn,V,  silicate. 

Roscoelite,  Vanadium  mica. 

Pucherite,  BiV04. 

Vanadinite,  Pb4(PbCl)  (V04)i. 

Descloizite,  (Pb,Zn),(0H)V04. 

Pyrobelonite,  4Pb0.7Mn0.2VA.3H,0. 

Dechenite,  PbV,0*. 

Calciovolborthite,     (Cu,Ca)iVi08.  (Cu,Ca) 

(OH),. 
Turanite,  5CuO.V2O6.2H1O. 

K^^  }Pb,Cu,van«Iates. 

Uvanite,  2UOs.3V206.15H,0. 
Ferganite,  U»(V04)i.6H,0. 
Femandinite,  CaO.V204.5ViO».14HjO. 
Pascoite,  2Ca0.3Vs06.11H20. 
Pintadoite,  2CaO.V,08.9H,0. 

MeUhe^ttite}C*^-3V^-«HA 

Volborthite.  Hydrous.  Cu,Ba,Ca,  vanadate. 
HUgelite,  Hydrous,  PD,Zn,  vanadate. 
Carnottte,  KjO.2U2Oj.V1O6.3H8O. 
Tyuyamunite,  CaO.2UOi.V2O6.4H2O. 
Minasragrite,  (V202)H2(S04)i.l5H20. 

YTTRIUM,  Etc. 

Yttrofluorite,  (Ca.,Y,)Ffl. 

Yttrocerite,  (Y,Er,Ce)F,.5CaF2.H,0. 

•Tengerite^  Y  carbonate. 

Cappelemte,  Y.Ba,  boro-silicate. 

Melanocerite    [ 

Caryocerite       Ca,Y,Ce,  fluo-silicates. 

Steenstrupine  J 

Tritomite,  Th,Ce,Y,Ca,  fluo-silicate. 

Gadolinite,  BesFeY2Si20io. 

Yttrialite,  Th,Y,  silicate. 

Rowlandite.  Y  silicate.  . 

Thal^nite,  Y  silicate 

Thortveitite,  (Sc,Y),Si207. 

Cenosite,  H4Ca2(Y^Er)2CSiOi7. 

Keilhauite,  Ca,Al,Fe,Y,  titano-silicate. 

Delorenzite,  Fe,U,Y,  titanate. 

Yttrocrasite,  Hydrous  Y,Th,  titanate. 

Ris6rite,  Y  niobate. 

Fergusonite,  Y,Er,.  niobate. 

Sipylite,  Er  niobate. 

Yttrotantalite,  Y,  etc.,  tantalate-niobate. 
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Samsrskite,   Fe,Ca,U,Ce,Y,  oiobate-Unta- 

late. 
Amieriidite,  U,Y,  niobate. 
Hielmite,  Y,Fe,Mn,Ca,  stanno-tantalate. 
Poly^  iY.Ce,U.niol»te- 

BloLtrandine-Priorite  I     ''^^na***- 
Plumboniobite,  Y,U,Pb,Fe,  niobate. 
Xenotme  YPO,. 
RetziaD,  Y,Mn,Ca,  arsenate. 
Rhabdophaoite,  HydrouB  Ce,Y,  pboephato. 

ZINC 
Sphalerite,  ZoS. 
Wurtiite,  ZdS. 
Voltzite,  ZiiiSiO. 
ZiNciTB,  ZnO. 
Gahnite,  ZnO.Al,0,. 
FRANKLiwiTB,(Fe,Zn,Ma)0.(Fe,Mii)A- 
Chalcophanito,  (Mn,Zn)0.2MnO,.2H/). 
HetieroUte,  2Za0.2Mn,0..1H|0. 
Smithaooite,  ZnCO). 
Rosaaite,  2CuO.CuCOi.5ZnC0.7 
Aurichalcite,   2(Zn,Cu)CO.,3(Zn,Cu)<OH),. 
HydroiiDcite,  ZnC0,.2Zn(0H).. 


Adamite,  Zii^(OH)ABOt. 
Deacloiwte,  CPb,Zn).(OH)VOi. 
K?p.i..  lZ,J./)..4Hfl. 
Kottigite,  ZntAsiO..SHiO. 
Bartlule,  3ZnO.Cu0.3As*,.2H^. 
HOgelite,  Hydrous,  Pb,  Zn,  vanadate 
Spencerite,  Zn,(PO,),.Zn(OH),.3H/). 
Hibbenite,  2Zn.(PO,),.Zn(OH),.6JH^. 
Vesielyite,     Hydrous,    Cu,  Zn,     phoepho- 

araeuatfi. 
Keboeite,  Hvdnus,  Al  Zn,  phosphate. 
Suaseiite,  H(Mn,Zn,Mg)BOt. 
ZiakoBit«,  ZnSOt. 
Ileaite,  (MD,Zn,Fe)SO,.4HiO. 
Ckwiarite,  Zn80^7H/>. 
Dietrichite,  (Zn,Fe,Mn}80,.A]|(S0i)t. 

22H^. 
Serpierite,  Hydrous,  Cu,  Zn,  sulphate. 
Zincaluminite,  2ZnSO,.4Zn(OH),.6Al(OH)(. 

5H^. 

ZIRCONIUM 


WiUemite,  ZniSt6,. 
Calamine,  H,ZnSiO|. 
Cbnohedrite,  H,CaZnSiO|. 
Hodgkinsonite,  3(Zn,Mn)0.8iO,.HJ3. 
GaBeite,  Hydrous,  Ma,  Mk.  Zn,  silicate. 
Tarbuttite,  Zn^,OtZn(OH)^ 


Chalcokmprite,  R"Nbrf),.R"SiO,. 
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TABLE    11.     MINERALS    ARRANGED    ACCORDING    TO    THEIR 

SYSTEM    OF    CRYSTALLIZATION. 

The  following  lists  are  intended  to  include  all  well-recognized  species,  whose  crystalliz- 
ation 18  known,  arranged  according  to  the  system  to  which  they  belong,  and  further  classi- 
fied by  their  luster  and  specific  gravity;  the  hardness  is  also  given  in  each  case. 


I.    CRYSTALLIZATION    ISOMETRIC* 
A.  Luster  Nonmstaujc. 


Specific 

Hard. 

Specific 

Hard- 

Gravity. 

IlflaB* 

Gravity. 

neas. 

Sal  Ammoniac  (p.  397) . 

1-53 

1-5-2 

Arsenolite  (p.  409) 

3-7 

1-5 

KaUnite  (p.  637) 

1-75 

2-2  5 

Schorlomite  (p.  510) . . . 

3-81-3-88 

7-7-5 

Faujasite  (p.  555) 

1-92 

5 

Betafite  (p.  591) 

3-75-4-17 

S^Wte  (p.  396) 

Halite  (p.  395) 

1-98 

2 

Hercynite  (p.  420) 

Snhalerite  (p.  367) 

Nantokite  (p.  395) 

3-9-3-95 

7-5-8 

214 

2-5 

3-9-4-1 

3-5-4 

Hydrophilite  (p.  399) . . 

2-2 

3-93 

2-2-5 

SodaKte  (p.  502) 

214r-2-30 

5-5-6 

Marshite  (p.  395)...... 

6-6? 

Ahaldte  (p.  554) 

NoseUte  (p.  503) 

2-2-2-3 

5-5-5 

Alabandite  (p.  369) .... 

3-95-4-04 

3-5-4 

2-25-2-4 

5-5 

Perovskite  (p.  586) .... 

4-03 

5-5 

Northupite  (p.  450) 

2-38 

3-5-4 

Berzeliite  (p.  593) 

408 

5 

Haflynite  (p.  503) 

2-4r-2-5 

5-5-6 

Gahnite  (p.  420) 

4-0-4-6 

7-5-8 

Leudte  (p.  469) 

2-45-2-50 

5-5-6 

Pyrochlore  (p.  587) 

Koppite  (p.  587) 

ZirkeHte  {p.  428) 

HatchettoUte  (p.  587).. 

4-2-4-36 

5-5-5 

Lazurite  (p.  508) 

2-38-2-46 

5-5-5 

4-45-4-56 

Sulphohahte  (p.  631)... 

2-49 

3-5 

4-71 

5-5 

Tychite  (p.  450) 

2-5 

3-5 

4-8-4-9 

5 

Ralstonite  (p.  402) 

2-58 

4-5 

Lewisite  (p.  618) 

4-95 

5-5 

Voltaite  (p.  639) 

2-79 

3-4 

Atopite  (p.  618) 

5-03 

5-5-6 

VilliaumiteCp.  396).... 
Langbeinite  (p.  625) . . . 
Zunyite  (p.  505)....... 

2-81 

Percylite,  Boleite 

2-83 

(p.  401) 

5-08 

2-5 

2-87 

7 

Mauzeliite  (p.  618) .... 

511 

6-6-5 

PoUucite  (p.  470) 

2-90 

6-5 

Manganosite  (p.  411).  . 

5-18 

5-6 

Boradte  (p.  620) 

2-9-3 

7 

Neotantalite(p.587)... 

5-2 

3-8 

Phaimacosiderite, 

Senannontite  (p.  409). . 

5-2-6-3 

2-2-5 

(p.  614) 

2-9-3 

2-5 

Samirdsite  (d.  587) .... 

5-24 

Plazohte  (p.  580) 

313 

6-5 

Embolite  (p.  397) 

5-3-5-4 

1-1-5 

Nitrobarite(p.  619).... 

3*2 

Cerargyrite  (p.  397).... 

5-55 

1-1-5 

Flnorite  (p.  308) 

3-2 

4 

Miersite  (p.  598) 

5-6 

Helvite  (p.  504) 

316-3-36 

6-6-5 

MicroUte  (p.  587) 

5-5-6-1 

5-5 

Garnet  (p.  505) 

3-3-4-3 

6-5-7-5 

lodobromite  (p.  397). . . 

5-71 

1-1-5 

Rhodizite  (p.  621) 

3-4 

8 

Bromyrite  (p.  397) 

5-8-6 

2^ 

Danalite  (p.  504) 

3-43 

5-5-« 

Cuprite  (p.  410) 

Eulytite  (p.  504) 

5-85-615 

3-5-4 

Hauerite  (p.  378) 

3-46 

4 

611 

4-5 

Diamond  (p.  345) 

3-52 

10 

Bunsenite  (p.  411) 

6-4 

5-5 

Yttrofluorite  (p.  399)  . . 
Spinel  (p.  419) 

3-55 

4-5 

Monimolite  (p.  593) .  .  . 

6-58;7'29 

5-6 

3-5-4-1 

8 

Edestonite  (p.  401).... 
Mosesit^e  (p.  402) 

8-3 

2-3 

Peridase  (p.  411) 

3-67 

6 

3 

*  8om«  pseado-iBometiie  species  are  here  included.    Species  with  submetallic  luster  are  placed  under  B,  but 
somd  species  are  included  in  both  lists. 
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B.  Luster  Metaluc  (and  Submetallic). 


Hauerite  (p.  378) 

Sphalerite  (p.  367) 

Alabandite  (p.  369) 

Cubanite  (p.  374) 

Dysanaly te  (p.  586) .... 

Chromite  (p.  423) 

Villamaninite  (p.  379) . . 

Tennantite  (p.  391) 

Tetrahedrite  (p.  390) . . . 
Magnesioferrite  (p.  420) 
Polydymite  (p.  373)  . . . 
Cobaltnickelpyrite 

(p.   378) 

Jacobsite  (p.  421) 

Sychnodymite  (p.  373)  . 

LiNNiEITE  (p.  374) 

Carrollite  (p.  374) 

Bixbyite  (p.  425) 

Pentlandite 

(p.  369) 

Pyrite  (p.  377) 

Franklinite  (p.  420) 

Magnetite  (p.  420) 

Bomite  (p.  374) 

Gersdorffite  (p.  379) .... 

Cuprite  (p.  410) 

Brongniardite  (p.  387) . . 

Corynite  (p.  379) 

Argyrodite  (p.  391) 

Cobaltite  (p.  379) 


Specific 
Gravity. 


Hard- 
necn. 


3-46 

3-9-41 

3-95-404 

40-41 

413 

4-3-4-57 

4-4 
•4-4-4-49 
4-4-51 
4-57-4-65 
4-5-4-8 

4-71 
4-75 
4-76 
4-8-5 
4-86 
4-95 

5-0 
4-95-^10 
5-07-5-22 

518 
4-^-5-4 
5-6-6-2 
5-85-6-15 

5-95 
5-95-603 
6-1-6-2 
6-6-3 


4 

3-5-4 

3-5-4 

4 

5-6 
5-5 
4-5 
3-4 
3-4 
6-6-5 
4-5 

5 
6 

5-5 

5-5 

6-6-5 

3-5-4 
6-6-5 
6-6-5 
6-6-5 
3 

5-5 
3-5-4 
3-5 
4-5-5 
2-5 

5-5 


Canfieldite  (p.  394) 

Ullmannite  (p.  379) 

Smaltite,  Chfoantlute 

(p.  378) 

Skutterudite  (p.  380) . . . 
WiUyamite  (p.  379) .... 
Polyargyrite  (p.  562) . . . 

Lauritc  (p.  379) 

Argentite  (p.  364) 

Iron  (p.  356) 

Galena  (p.  363) 

Eucairite  (p.  365) 

Metacinnabante  (p  .369) 
Clausthalite  (p.  364) .  . . 
Naumannite  (p.  364) . . . 

Altaite  (p.  364) 

Tiemannite  (p.  369) 

Heasite  (p.  365) 

Copper  (p.  353) 

Uraninite  (p.  623) 

Thorianite  (p.  624).... 

Silver  (p.  352) 

Sperrylite  (p.  379) 

Lead  (p.  354) 

Palladium  (p.  355) 

Amalgam  (p.  354) 

Platinum  (p.  355) 

Gold  (p.  350) 

Iridium  (p.  355) ... 


Specific 
Gravity. 


6-28 
6-2-6-7 

6-4-^-6 
6-7-6-86 
6-87 
6-97 
70 
7-2-7-36 
7-3-7-8 
7-4r-7-6 
7-5 
7-8 
7-6-8-8 
80 
8-16 
8-2-8-5 
8-3-8-5 
8-8-8-9 
9-9-7 
9  "3 
lOl-lll 
10-6 
11-4 
11-3-11-8 
13-7-14-1 

14r-19 

15-6-19-3 
22-6-22-8 


Hanl- 


2-5-3 
5-5-5 

5-5-6 
6 

5-5 

2-5 

7-5 
2-2-5 

4-5 
2-5-3 

2  5 

3 

2-5-3 

2-5 
3 

2-5 
2-5-3 
2-5-3 

5-5 

2-5-3 

6-7 

1-5 

4-5^ 

3-3-5 

4-4-5 

2-5-3 

6-7 
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II.    CRYSTALLIZATION  TETRAGONAL. 
A.    Luster  Nonmetaluc. 


Specific 

Hard- 

Specific 

Hard- 

• 

Gravity. 

xms. 

Gravity. 

ness. 

Memte(p.645) 

1-64 

2-2-5 

Uardystonite  (p.  498). . 

3-4 

3-4 

Darapekite  (p.  619) 

Torbemite  (p.  648) 

3-4-3-6 

2-2-5 

Piimoite  (p.  622) 

2-29 

Trippkeite  (p.  618) 

Apophyllite  (p.  546) 

2-3-2 -4 

4-6-5 

Octahedrite  (p.  428)  ... 
Rutile  (p.  427) 

3-8-3-96 

5-5-6 

Lidweite  (p.  637) 

2-38 

2-5-3 

418-4 -25 

6-6-5 

Ecdemite  (p.  618) 

6-9-71 

2-5-3 

Xenotime  (p.  692) 

4-46-4 -56 

4-5 

SArcolite(p.518) 

MariaUte  (p.  518) 

2-64-2-93 

6 

PoweUite  (p.  643) 

4-53 

3-6 

2-57 

5-5-6 

Thorite  (p.  622) 

4-4-5-4 

4-6-5 

Mizzonite  (Dipyre), 

Fergusonite  (p.  588) 

Zircon  (p.  620) 

4-4-5-8 

5-6-6 

(p.  517) 

2-62 

6-6-6 

4-68-4-7 

7-5 

Wemerite  (Scapolite), 

Romeite  (p.  618) 

471 

6-5-6 

(p,  516) 

2-e  6-2-73 

5-6-6 

Sipylite  (p.  5^8) 

4-89 

6 

Meionite  (p.  616) 

2-70-2-74 

5-6-6 

Nasonite  (p.  498) 

5-4 

4 

Edingtonite  (p.  556) 

2-70 

4-4-5 

Ganomalite  (p.  498) 

5-74 

3 

Narsarsukite  (p.  685) . . . 

27 

7-0 

Scheetite  (p.  642) 

5-9-6-1 

4-5-6 

Chiolite  gp.  400) 

2-84-2-99 

3-6-4 

Phosgenite  (p.  450) 

6-6-09 

2-76-3 

Soumansite  (p.  614) 

2-87 

4-5 

Calomel  (p.  395) 

6-48 

1-2 

Meimte  (p.  618) 

2-9-3-1 

6 

Wttlfenite  (p.  643) 

6-7-7-0 

2-75-3 

Oehlenite  (p.  5U ;) 

2-9-31 

6-6-6 

CaRfdterite  (p.  425) 

Matlockite  (p.  401) .... 

6-8^7-1 

6-7 

Meliphanite  (p.  496) . .  . 

3-01 

6-6-5 

72 

2-6-5 

SeUaite  (p.  399) 

2-97-315 

5 

TapioUte  (p.  690) 

7 -36-7 -5 

6 

Zeunerite  (p.  616) 

3-2 

2-2-6 

lArettoite  (p.  401) 

Stolzite  (p.  643) 

7-6 

3 

Piimoite  (p.  622) 

3-27-3-37 

3-4 

7-87-8-13 

275-3 

Vesavianite  (p.  619). . . . 

3 -35-3 -45 

6-6 

B.  Luster  Metallic  (and  Submetaluc). 


Chalcopyiite  (p.  374) . . . 

Stannite  (p.  394) 

Rutile  (p.  427) 

41-4-3 
4-3-4-6 

4*  18-4-25  ;5-2 

4-4-5-8 

4-7-4-86 

4-76-4-82 

3-6-4 

4 
6-6-5 
6-6-6 
6-^-5 
6-6-6 

Polianite  (p.  427) 

Reinit«  (p.  644) 

Hauchecomite  (p.  372) . 

Tapiolite  (p.  590) 

Maucherite  (p.  362) 

Plattnerite  (p.  428) 

4-84-50 

6-6-4 

6-4 
7-36-7-5 

7-83 

8-5 

6-6-5 
4 
6 

Fergusonite  (p.  6?8) 

Hfluamannite  (p;424) . . 
Brannite  (p.  425)V 

6 

5 

5-5-5 
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III.  CRYSTALLIZATION  HEXAGONAL.* 

Rhombohedral  species  are  distinguished  by  a  letter  R. 

A.  Luster  Nonmetallic. 


Ice  (p.  411) 

Cyprusite?  (p.  639) 

Ettringite  (p.  640) 

Thaumasite  (p.  581)  . . . 
Koenenite  (p.  401)  R  . . . 
Gmelinite  (p.  554)  R.  . . 
Pyroaurite  (p.  455)  R. . 
Coquimbite  (p.  637)  R. . 

Utahite  (p.  639)  R 

Chabazite  (p.  552)  R. . . . 

Levvnite  (p.  554)  R 

Hydronepnelite?  (p.  558) 
Soda  niter  (p.  619)  R... 

Tridymite  (p.  407) 

Rinneite  (p.  399)  R 

Brucite  (p.  434)  R 

Cancrinite  (p.  501) 

Microsommite  (p.  501) 

KaliophiUte(p.501).... 

Carpnosiderite? 

(p.  539)  R 

Coferainite  (p.  583) 

Metavoltine  (p.  639) .  .  . 
Chalcophyllite  (p.612)R 

NepheUte  (p.  499) 

Hankfiite(p.631) 

Ferronatrite  (p.  638)  R. 

Milarite  (p.  455) 

Spodiophyllite  (p.  572) . 
AphthitaUte  (p.  624)  R. 

Quartz  (p.  403)  R 

Beryl  (p.  495) 

Eucnrptite  (p.  500) 

Alunite  (p.  639)  R 

Penninite  (pseu.) 

(p.570)R 

Caldte  (p.  438)  R 

Nepouite  (p.  515) 

Alumian  (p.  632) 

Catapleiite(p.496).... 
Dolomite  (p.  442)  R. .  . 
Martinite(p.611)R... 
Eudialyte(p.496)R... 
Ankerite(p.443)R... 
Phenacite  (p.  514)  R.  . 
Tourmaline  (p.  540)  R. 

Bityite  (p.  558) 

Magnesite  (p.  443)  R . . 
P>'ro8malite  (p.  515)  R 
Friedelite  (p.  515)  R. . . 

Podolite  (p.  618) 

Spangolite(p.631)R.. 

Apatite  (p.  595) 

BLarttite  (p.  601) 

Jarosite  (p.  640)  R 

Raimondite  (p.  639). . . 
Wilkeite  (p.  597) 


Specific 
Gravity. 


0-9 
1-75 
1-75 
1-88 
20 
2-04-217 
207 
209 

2-08-216 

2-09-216 

2-26 

2-26 

2-28-2-33 

2-3 
2-38-2-4 
2-42-2-5 
2-44 
2-49 

2-50 

2-51 

2-53 
2-44-2-66 
2-55-2-65 

2-56 

2-56 

2-57 

2-6 

2-64 

2-65 

2'64-27;2-80 

2-67 
2-67 

2-6-2-85 

2-71 
2-5-3-2 

2-74 

2-8 
2-8-2-9 

2-89 
2.91-2-93 
2-95-3-1 
2-97-3  0 
2-98-3-20 

3  0 
3-0-312 
306-3-19 

307 

31 

314 
317-3-23 

3-2 

3-20 

3-20 

3  23 


Hard- 


1-5 

2 

2-2-5 

3-5 

2-0 

4-5 

2-3 
2-2-5 

4-5 

4-4-5 

4-5-6 

1-5-2 

7 

3 

2-5 

5-6 

6 

6 

4-4-5 

2-5-3 

25 

2 
5-5-6 
3-3-5 

2 
5-5-6 
3-5-2 
3-3-5 

7 
7-5-8 

3-5-4 

2-25 

3 

2-2-5 

2-3 

6 
3-5-4 

5-5-5 
3-5-4 
7-5-8 
7-7-5 

5-5 
3-5-4-5 
4-4-5 

4-5 

2 

5 
4-5-6 
2-5-3-5 

3 

5 


Hamlinite  (p.  601)  R. . . 
Pyrochroite  (p.  435)  R. . 
Jeremejevite  (p.  620) . . . 

Dioptase  (p.  515)  R 

Svanbergit«  (p.  618)  R. . 
Cronstedtite  (p.  571)  R. 
Hematolite  (p.  606)  R.  . 

Connellite  (p.  631) 

Mesitite  (p.  443)  R 

Rhodochrosite  (444)  R.. 

Svabite  (p.  598) 

Fermorite  (p.  597) 

Florencite  (p.  601)  R-  . . 

Benitoite  (p.  585) 

Siderite  (p.  443)  R 

Rhabdophanite  (p.  609) 

R 

Wurtzite  (p.  371) 

Corundum  (p.  413)  R.. 
Willemite  (p.  513)  R. . . . 
Geikielite  (p.  586)  R. . . . 
Sphserocobaltite  (446)R 
Melanooerite  (p.  406)  R. 
Tritomite(p.496)R.... 
Nordenski5idine(620)R 
Caryocerite  (p.  496)  R. 

Parisite  (p.  621) 

Smithsonite  (p.  445)  R.. 
Beudantite  (p.  618)  R.  . 
Plumbogummite? 

(p.  601) 

Bntholite  (p.  580)    

Cappelenite  (p.  496) .  . . 
EVrophanite  (p.  418) . . . 

Hinsdalite  (p.  618) 

Molybdophyllite  (p.498) 

Bastn&site  (p.  449) 

Greenockite  (p.  371) . 
Hematite  (p.  4 15)  R.... 
Xanthoconite  (p.  393)  R 

Zincite(p.411) 

Bellite  (p.  631) 

PRouBTrrE,  (p.  389)  R. 

lodyrite  (p.  397) 

Fluocerite  (p.  399) 

Pyrargyrite  (p.  389)  R 

Penfieldite  (p.  401) 

Barysilite  (p.  498) 

Tysonite  (p.  399) 

Pyromorphite  (p.  597) . . 

Vanadinite  (p.  598) 

Bftimetite  (p.  598) 

Kleinite  (p.  395) 

Cinnabar  (p.  370)  R 


l^wcific     i 
Gravity. 


Hard- 


3-23 

3-26 

3-28 
3*28-3-35 

3-30 

3-35 

3-35 

3-36 
3-33-3-42 
3-45-3-60 

3-52 

3-52 

3-58 

3-6 
3-83-3*88 

3-94-401 

3*98 
3-95-4-10 
3-94-4-19 

4*0 
4-02-4-13 

4  13 

4-20 

4-20 

4-29 

4-36 
4-30-4-45 
4-4-3 


4-5 

2-5 

6-5 

5 

5 

3-5 

3-5 

3 

3-5-4 

3*5-4-5 

5 

5 

5 

6*2-«-5 

3*5-1 

3*5 

3*5-4 

9 

5*5 

6-0 

4 

5-6 

5-5 

5-5-6 

5-6 

4-5 

5 

3-5-4-5 


4-4-9 

4-5 

44 

5-5 

4-41 

6-6*5 

4-5 

5 

4-65 

4-5 

4-7 

3-4 

4-9 

4-6 

4-9-5*0 

3-3-5 

4*9-5-3 

5-5-6-5 

5-5*2 

2 

5*4-5*7 

4-4-5 

5-5 

2-5 

5*6 

2-2-5 

5*6-5-7 

1-1-5 

5*7-5-9 

4 

5-85 

2-5 

611 

3 

6-13 

4-5-5 

6-5-71 

3-5-4 

6-66-6-86 

3 

7-0-7-25 

3-0 

8-0 

3-5 

8-08-8-2 

2-2-5 

*  Some  pseudo-hexagonal  species  are  included. 
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B.  Luster  Metallic  (and  Submbtallic). 


Specific 

Hard- 

Specific 

Hard- 

Gravity. 

nesB. 

Gravity. 

neflfl. 

Graphite  (p. 347) R..... 
Ch^^cophanite  ^p.  435)  F 

2  •1-2-2 

1-1-5 

Pyrargyrite  (p.  389)  R.  . 

5-85 

2-5 

{       3-91 

2-5 

Tellurium  (p. 349)  R.... 

6-1-6-3 

2-2-5 

Ilmenitc(p.417)R,.... 

4-5-5 

5-6 

Allemontite  (p.  349)  R. . 

6-2 

3-5 

Covellite  (p.  371) 

4-6 

1-5-2 

Antimony  (p.  349)  R. . 

6-7 

3-3-5 

Pyrrhotite  (p.  873) 

4-6 

3-5-4-5 

Tetradymite  (p.  360)  R. 

7-2-7-6 

1-5-2 

Molybdenite  (p.  360). . . 

4-7-4 -8 

1-15 

NiccoUte  (p.  372) 

7-3-7-67 

5-6-5 

Langbanite  (p.  539) . . . 

4-92 

6-5 

Breithauptite  (p.  372) . . 

7-54 

5-5 

Xanthoconite  (p.  393) . . 

5 

Platynite  (p.  385)  R. . . . 

8 

2-3 

Hematite  (p.  415)  R. . . . 

5-2-5-3 

5-5-6-5 

Ciimabar  (p.  370)  R 

8-0-8-2 

2-2-5 

Senaite  (p.  418)  R 

5-3 

6 

Bismuth  (p.  349)  R.  . .  . 

9-7-9-8 

2-2-5 

MiUerite  (p.  372)  R 

5-3-6-65 

3-3-5 

Iridosmine  (p.  355)  R. . 

19-3-21-1 

6-7 

Arsenic  (p.  348)  R 

56^5-7 

3-5 

IV.  CRYSTALLIZATION  ORTHORHOMBIC. 


Teschemacherite  (p.450) 
Thermonatrite  (p.  452) . 

Carnallite  (p.  401) 

Struvite  (p.  606) 

Epsomite  (p.  635) 

Mascagnite  (p.  624) 

Nesquehonite  (p.  452) . . 

Goslarite  (p.  635) 

Erionite  (p.  558) 

Morenosite  (p.  635) 

Sulphur  (p.  347) 

Lindackerite  (p.  618). . . 

Newberyite  (p.  611) 

SteUerite  (p.  558) 

Niter  (p.  619) 

Sideronatrite  (p.  639)  . . 

Epidesmine  (p.  558) 

Fluellite  (p.  402) 

NatroUte  (p.  556) 

Okenite?  (p.  546) 

FeLsobanyite  (p.  639). . . 
Thomsonite  (p.  557). . . . 

WaveUite  (p.  612) 

Hambergite  (p.  620)  . . . 
Pirssoiilte  (p.  452) .  .  . . : 

Sulfoborite  (p.  623) 

DawBonite  (p.  452) 

Fischerite  (p.  613) 

Peganite  (p.  613) 

Variscite  (p.  610) 

Lucinite  (p.  610) 

Elpidite  (p.  496) 

Howlitc?  (p.  621) 

Bertrandite  (p.  539) 

Lanthanite  (p.  453) .... 

loUte  (p.  497) 

Thenardite  (p.  624) 


A.  Luster  Nonmbtaluc. 


1-45 
1-5-1-6 

1-6 
1-65-1-71 

1-75 

1-77 

1-84 

2-0 

1-99 
1-9-21 

207 
20-2-5 

210 

2*12 
2-09-214 

215 

216 

217 
2-20-2 -251 

2-28 

2-33 
2-3-2-4 

2-33 

2-35 

2-35 
2-38-2-451 

2-40 

2-46 

2-50 

2-52 
2-52-2-59I 

2-55 

2-6 

2-6 

2-6-2-66 

2-68-2-69 


1-5 
1-1-5 
1-1-5 

2 
2-2-5 
2-2-5 

2-5 
2-2-25 

2-2-5 

1-5-2-5 

2-2-5 

3-3-5 

35-4 

2 
2-2-5 

3 

5-5-5 

4-5-5 

1-5 

5-5-5 

3-5-4 

7-5 

3-35 

4 

5 

3-3-5 

4 

5 

6-5-7 

3-5 

6-7 

2-5-3 

7-7-5 

2-3 


Edingtonite  (p.  555)  . . . 
HiUebrandite  (p.  546) 

Hopeite  (p.  607) 

Phosphosiderite  (p.610) 

Talc  (p.  575) 

Beryllonite  (p.  595) .  . . . 
Haidingerite  (p.  610).. . . 

Strengite  (p.  610) 

Prehnite  (p.  534) 

Guarinite  (p.  525) 

Anhydrite  (p.  629) 

Aragonite  (p.  446) 

Spodiosite?  (p.  600) 

Leucophanite  (p.  496) . . 

Cebolfite  (p.  518) 

Danburite<p.  522) 

Bementite  (p.  582) 

Hopeite  (p.  607) 

Tyrolite  (p.  612) 

Harstigite  (p.  535) 

Reddin^te  (p.  607) 

Lawsomte  (p.  540) 

Grothine  (p.  545) 

Humite  (p.  536) 

AnthophyUit^  (p.  486) .  . 

Andalusite  (p.  524) 

Enstatite  (p.  472) 

Autunite  (p.  616) 

Monticellite  (p.  513) .  .  . 

Eosphorite  (p.  615) 

Childrenite  (p.  615) ... . 
Sillimanite  (p.  526)  .... 

Scorodite  (p.  609) 

Lossenite  (p.  619) 

Forsterite  (p.  513) 

Dumortierite  (p.  543)  . . 
Komerupine  (p.  544) . . . 


2-69 

2-7 

2-76 

2-76 
2-7-2-8 

2-84 

2-85 

2-87 
2-8^2-95 
2-9-3-3 
2-90-2-98 

2-94 

2-94 

2-96 

2-96 
2-97-3-02 

2-98 
30-3-1 
3-0-31 

305 

310 

3  08 

3  09 

3-1-3-2 

31-3-2 

316-3-2 

315-3-3 

3-05-319 

3  03-3-25 

311-3-15 

3-18-3-24 

3-24 
31-3-3 

3-2-3-33 
3-26 
3-27 


4-4-5 

5-5 
2-5-3 

3-75 
1-1-5 
5-5-« 
1-5-2-5 

3-4 

fr-6-5 

6-5 

3-3-5 

3-5-4 

4 

5 

5-0 
7-7-25 

3-2 

1-5 

5-5 

3-3-5 

7-5-8 

6-6-5 
5-5-6 

7-5 

5-5 
2-2-5 
5-6-5 

5 
4-5-5 

6-7 
3-5-4 

6-7 

7- 

6-5 
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Zoisite  (p.  530) 

Dufrenite  (p.  605) 

Chi78oUte(p.511) 

Warwickite(p.621).... 

Euchroite  (p.  611) 

Astrophyllite  (p.  585)  . . 

Dkspore  (p.  431) 

Loreiuemte  (p.  586) 

Purpurite  (p.  610) 

Natrophilite(p.604)... 

Cenoeite  (p.  580) 

Gerhardtite(p.619).... 
Hypersthene  (p.  473). . . 
Uranospinite  (p.  617)  . . 

Guarinite  (p.  625) 

Calamine  (p.  539) 

Lithiophilite  (p.  504). . . 

Topaz  (p.  523) 

Langite(p.638) 

Erilute  (p.  580) 

Uranocircite  (p.  617) . . . 

TriphyUte  (p.  504) 

Epididymite  (p.  455) . . . 

Mazapilite  (p.  615) 

Thortveite  (p.  529) 

Hemafibrite(p.611)  ... 
Chiysobexyl  (p.  423) .  .  . 
Aurichalcite  (p.  451) .  .  . 

Ardennite  (p.  539) 

Libetfaeiiite(p.603).... 

Staurolite  (p.  543) 

Strontianite  (p.  447)  . . . 

Bromlite  (p.  447) 

Atacamite  (p.  400) 

Uranophane  (p.  581). . . 

Flinkite  (p.  606) 

Serpierite  (p.  638) 

Brochantite(p.632).... 

Brookite  (p.  429) 

PinakioUte  (p.  620) .... 

Ancylite  (p.  449)'. 

Celestite  (p.  627) 

Ludwidte  (p.  620) 

KnebeBte  (p.  513) 


Specific 
Gravity. 


Hard. 


3-25-3-37 

6-6-5 

3-23-3-4 

3-5-4 

3-27-3-37 

6-5-7 

3-35 

3-4 

3-39 

3-5-4 

3-3-3-4 

3 

3-3-3-5 

6-5-7 

3-4 

6-0 

3*4 

4-4-5 

3-41 

4-5-n5 

3-41 

5-5 

3-43 

2 

34-^-5 

5-5 

3*45 

2-S 

3-49 

6 

3'4-«-5 

4-5^ 

3-42-5-56 

4-5-n5 

3-4-3-65 

8 

3-49 

2-5-3 

3-5 

5-5 

3-53 

3-52-3-55 

4-5-n5 

3-55 

5-5 

3-57 

4-5 

3-57 

6-7 

3-50-3 -65 

3 

3-5-3-8 

8-5 

3-54-3-64 

3-62 

6-7 

3-6-3-8 

4 

3-65-375 

7-7-5 

3-68-3 -71 

3-5-4 

3-72 

4-4-5 

3-76 

3-3-5 

3-81-3-9 

2-3 

3-87 

4-4-5 

3"91 
3-87-4-07 

3-88 

3-9 

3-95-3-97 

3-91-4-02 

3-^4-1 


3-5-4 

5-5-6 

6 

4-5 

3-3-5 

5 

6-5 


Barylite  (p.  498) 

TeiAroite  (p.  513) 

Carminite  (p.  594) 

Ampangab^ite  (p.  591) . 

Fayalite  (p.  513) 

Retsian  (p.  606) 

OUvenite  (p.  603) 

Hulsite  (p.  622) 

Witherite  (p.  447) 

Adamite  (p.  604) 

Pseudobrookite  (p.  424) 

Baiite  (p.  625) 

Derbylite  (p.  618) 

Euxenite  (p.  591) 

Yttrocrasite  (p.  586)  ..  . 

Cerite  (p.  540) 

Blomstrandine  (p.  591) . 

-&chynite  (p.  591) 

Polycrase  (p.  591) 

Cotumiite  (p.  399) 

Pyrobelonite  (p.  604) . . . 

Valentinite  (p.  410) 

SamarsUte  (p.  590^ . . . . 
Yttrotantalite  (p.  590)  . 
Melanotekite  (p.  539).. . 
Amierddite  (p.  591) . .  . 
Phcenicochroite? 

(p.  630) 

Tellurite  (p.  410) 

Descloizite  (p.  604)  . . . . 

Tsumebite  (p.  604) 

Kentrolite  (p.  539) 

Anglesite  (p.  628) 

Pucherite  (p.  594) 

Caledonite  (p.  632) 

Daviesite  (p.  401) 

Laurionite  (p.  401) 

Cerussite  (p.  448) 

Nadorite  (p.  618) 

Ochrolite  (p.  618) 

Mendipite  (p.  401) 

Georgiad^site  (p.  594) . 
Stibiotantalite  (p.  590) 
Montroydite  (p.  412). . . 


Spaeifie 
Gravity. 


Hard- 


4-03 

4-412 

4105 

3-97-4-29 

4-414 

415 

41-4-4 

4-3 
4-3-4-35 
4-34-4-35 
44-5 
4-5 
4-53 
4-6-5 
4-8 
4  86 
4-8-4-9 
4-93  ;517 
4-97-5-04 
5-24-.5-8 
5-38 
5-57 
5-6-5-8 
5-5-n5-9 
5-7 
5-7 

5-75 
5-9 
5-9-6-2 
61 
6-19 
6-12-6-39 
6-25 
6-4 


6-46-6-57 
702 

7-71 
71 
6-(>-7-4 


7 

5-5-6 

2-5 

4-0 

6-5 

4 

3 

3 

3-3-75 

3-5 

2-5-3-5 
5 

6-5 
5-5-6 

5-5 

5-6 

5-6 

2 

3-5 

2-5-3 

5-6 

5-5-5 

6-5 

6 

3-3-5 

2 

3-5 

3-5 

5 

2-75-3 

4 
2-5-3 

3-3-5 
3-35 
3-5-4 

2-5-3 

3-5 

5-5 
1-5-2 


B.  Luster  Metallic  (and  Submetaluc). 


Brookite  (p.  429) 

3-87-4-07 

5-5-6 

Stibnite  (p.  358) 

4-5-4-6 

2 

Ilvaite|(p.  538) 

4-0-4-05 

5-5-6 

Famatinite  (p.  393) 

4-57 

3-5 

Gothite  (p.  431) 

4-0-4-4 

5-5-5 

Klaprotholite  (p.  386) . . 

4-6 

2-5 

Stembergite  (p.  367) . . . 

41-4-2 

1-1-5 

Hutchinsonite  (p.  386)  . 

4-6 

1-5-2 

Manganite  (p.  432) 

4-2-44 

4 

Euxenite  (p.  591) 

4-6-5 

6-5 

Enaxiite  (p.  393) 

4-43-4-45 

3 

Chalmereite  (p.  366) . . . 
Chalcostibite  (p.  386)  . . 

4-7 

3-5 

Witticlienite  (p.  388) .. . 

4-5 

4-75-5 
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B.  LnsTBB  Metaluc  (and  Submetaluc). 


Spedac 

Hard- 

Specific 

Hard- 

Gravity. 

nesB. 

Gravity. 

ness. 

Pyrolttsite  (p.  430) 

473-4-86 

2-25 

Kentrolite  (p.  539) 

619 

5 

Polymignite  (p.  591) .  .  . 
Stylotypite  (p.  388) ... 

4-77-4-85 

6-5 

Aikinite  (p.  388) 

61-6-8 

2-2-5 

4-8 

3 

Stromeyerite  (p.  366). . . 

6-15-6-3 

2-5-3 

Marcasite  (p.  380) 

4-85-4-9 

6-6-5 

Stephanite  (p.  392) 

6-2-6-3 

2-2-5 

iEschynite  (p.  591) 

4-93;  517 

5-6 

Guanajuatite  (p.  359) . . 

6-25-6-6 

2-5-3-5 

Urbanite  (p.  477) 

5-3 

3-5 

Mullanite  (p.  388) 

6-3 

3-5 

ZlKKENITE  (p.  385) 

5-3-5-35 

3-3-5 

Geocronite  (p.  392) 

6-3-6-45 

2-5 

Andorite  (p.  385) 

5-34 

Wolfachite  (p.  382) ... . 

6-37 

4-5-5 

Sartorite  (p.  386) 

5-39 

3 

Emplectite  (p.  386) 

Teallite(p.394)...-.... 

6-3-6-5 

2 

Columbite  (p.  588) 

5'3d-60 

6 

6-4 

1-2 

Rathite  (p.  386) 

5-4 

3 

Meneghinite  (p.  391). . . 

6-4 

2-5 

DUFRENOYSITE 

I 

BiSMirrHINITE 

(p.  387) 

5*55 

3 

(p.  359) 

6-4-6-5 

2 

Chalcodte  (p.  366) 

5-5-5-8 

2-5-3 

Schapbachite  (p.  387) .  . 
AUoclasite  (p.  382) 

6-43 

3-5 

Yttrotantalite  (p.  590)  . 

5.5-5-9 

5-5-5 

6-6 

4-5 

Annereklite  (p.  591). . .  . 

5-7 

6 

Cosalite  (p.  387) 

6-4-6-75 

2-5-3 

Melanotekite  (p.  539).. . 

5-7 

6-5 

Nagyagite  (p.  383) 

6-85-7-2 

1-1-5 

Boumonite  (p.  388) 

Seliinnanite  (p.  388) .... 

5-7-5-9 

2-5^ 

Rammelsbergite 

3 

(p.  382) 

6-9-7-2 

5-5-6 

BoULANaERTTE 

Safflorite  (p.  382) 

6-9-7-3 

4-5-5 

(p.  387) 

5-75-6-0 

2-5-5 

Tantalite  (p.  588) 

Lollingite  0).  381) 

Acanthite  (p.  367) 

7-7-3 

6 

Hielmite  (p.  591) 

5-82 

5 

7-0-7-4 

5-5-5 

Diaphorite  (p.  387) 

5-9 

2-5^ 

7-2-7-3 

2-2-5 

Glaucodot  (p.  382) 

5-9-6-0 

5 

Krennerite  (p.  383)  .... 

8-35 

Arsenopyrite  (p.  381) . . 

5-9-6-2 

5-5-6 

Dyscrafiite  (p.  361) 

9-4-9-8 

3-5-4 

V.  CRYSTALLIZATION  MONOCLINIC. 
A.  Luster  Nonmetaluc. 


Natron  (p.  452) 

Mirabilite  (p.  632) 

WbeweUite  (p.  641) ... . 

Stercorite  (p.  611) 

Aluminite  (p.  639) 

Alunogen  (p.  638) 

Borax  (p.  622) 

Boussingaultite  (p.  637). 

Apjobnite?  (p.  637) 

Fibroferrite?  (p.  639) . . . 

Inyoite  (p.  622) 

Melanterite  (p.  636)  . . . 
Halotrichite?  (p.  637)  . . 
Pickeringite  (p.  637)  .  . 
Hydroboracite  (p.  623) . 
Gay-Lttssite  (p.  452) . . . 

KrShnkite  (p.  638) 

Artinite  (p.  453) 

Diadochite  (p.  61H) .  .  . . 

Botryo^n  (p.  639) 

Mordenite  (p.  548) 

Kainite  (p.  631) 

Quetenite?.  (p.  640) 

Copiapite  (p.  638) 

Flokite  (p.  552) 


1-44 

1-1-5 

1-48 

1-&-2 

2-5 

1-615 

2 

1-66 

1-2 

1-6-1-8 

1-5-2 

1-69-1-72 

2-2-5 

1-70 

1-78 

1-5 

1-84 

2-2-5 

1-87 

20 

1-90 

2 

1-9-2-0 

1-9-20 

2 

1-94 

2-3 

1-98 

2-5 

2-0 

20 

2035 

3 

2-04-214 

2-2-5 

208 

3-4 

207-2-19 

2-5-3 

2-08-2-14 

3 

2-10 

2-5 

2-10 

5 

Trona(p.453) 

Picromerite  (p.  637) 

Castanite  (p.  639) 

Quenstedtite  (p.  637) . . . 

Heintzite  (p.  622) 

Hydromagnesite  (p.  452) 

StUbitc  (p.  551) 

Scolecite  (p.  557) 

Bnishite(p.611) 

Heulandite  (p.  548) .... 
Darapskite  (p.  619) ... . 

PhilUpsite  (p.  550) 

Mesolite  (p.  557) 

Blodltc  (p.  637) 

Epistilbite  (p.  549) 

Gismondite  (p.  552) 

Laumontite  (p.  552) 

Metabrushite  (p.  611) . . 

Wellsite  (p.  549) 

Natrochalcite  (p.  638) . . 

Griffithite  (p.  572) 

Gypsum  (p.  633) 

Gibbeite  (p.  435) 

PctaUte  (p.  455) 

Colemanite  (p.  621) 


212 
2-1-2-2 

212 

2-12 

2-13 

2-16 
2-16-2-20 
216-2-4 

2-21 
2-18-2-22 

2-20 

2*2 
2-2-2-4 

2-25 

2-25 

2-26 
2-25-2-36 

2-29 
2-28-2-37 

2-3 

2-31 

2-31-2-33 

2-3-2-4 

2-39-2-46 

2-42 


2-6-3 

3 

2*5 

4-5 

3-5 
3-6-4 
5^-5 
2-2-5 
3-5-4 

2-3 

4-4-5 

5 

2-5 
4-4-5 

4-5 
3-5-4 
2-5-3 
4-4-5 

4-5 

1-0 

1-5-2 
2-5-3-5 
6-6-5 
4-4-5 
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Hautefeuillite  (p.  608) 
Brewsterite  (p.  549). 
Haimotome  (p.  550) 
Pa80oite(p.609).... 
£ctropite(p.582)... 
Hcemesite  (p.  608). . 
Wapplerite?  (p.  611) 
Serpentine  (p.  573)  . 
Calcioferrite  (p.  615) 
Eudidjrmite  (p.  455) . 
Orthodase  (p.  457) . 
Kieserite  (p.  633) . . . 
ITivianite  (p.  608) .. . 
Syngenite  (p.  636) . . 
IjAoUnite(p.578)... 
Phannacokte  (p.  610) 
Clinochlore  (p.  569) . 
PectoUte  (p.  483) . . . 
Augelite(p.614)..  . 
Bavenite  (p.  558) . . . 
Didymolite  (p.  497) . 
Creedite(p.402).... 
GUttberite  (p.  625) . 
Vilateite(p.610).... 
Polyhalite?  (p.  637) . 
Mtt8covite(p.560).. 
Lepidolite  (p.  562) .  . 

Biotite  (p.  563) 

Phlogopite(p.  565).. 
Prochloiite(p.571). 
Hyalophane  (p.  460) 
Ganophyllite  (p.  546) 
Zinnwaldite  (p.  563) . 
Cuspidine  (p.  535) . . 
Mingu^tite  (p.  572) . 
Liroconite  (p.  615) . . 
WolUstonite  (p.  482) 
Pyrophyllite  (p.  579) 
Proeopite(p.402)... 
Epistolite  (p.  592) . . . 
Corundophilite  (p.  571) 
Stilpnomelane  (p.  572) 
Tieniolite(p.565).. 
Cu8terite(p.497).. 
l80claBite?(p.611). 
Roscoelite  (p.  565) . 
Carpholite  (p.  540) . 
Datolite(p.527)... 
Pachnolite(p.402). 
Thomsenolite  (p.  402) 
CryoUte  (p.  399) .... 
Moaandnte  (p.  585) . 
Jezekite  (p.  601)... 
Eiytliritea>-608)... 
Ssrmplesite  (p.  608) . 


Specific 
Gravity. 


Hard- 


2-435 
2-45 

2-44-2'5l 

2-46 

2-46 

2-47 

2-48 

2-50-2-65 

2-52-2-53 

2-55 

2-57 

2-57 

2-58-2-681 

2-60 

2-6-2-63 

2-64-2-73 

2-65-2-78 

2-6^2-78 

2-7 

2-7 

2-71 

2-73 

2-7-2-851 

2-76 

2-77 

2-76-3 

2-8-2-9 

2-7-3-1 

2-78-2-85 

2-78-2-96 

2-805 

2-84 

2-82-3-201 

2-86 

2-86 

2-88 

2-8-2-9 

2-8-2-9 

2*89 

2-9 

2-90 

2-77-2:961 

2-9 

2-91 

2-92 

2-92-2-94 

2-93 
2-9-3-0 
2-93-3 
2-93-3 
2-95-3 
2-93-3 

2-94 

2-95 

2-96 


2-5 
5 

4-5 

2-5 

4 

1 

2-2-6 

2-5-4 

2-5 

6 

6 

3-3-5 

1-5-2 

25 
2-2-5 
2-2-5 
2-2-5 

5 
4-5-5 

5-5 

4-5 

3-5 
2-5-3 

3-4 
2-5-3 
2-2-5 
2-5-4 
2-5-3 
2-5-3 

1-2 
6-6-5 
4r4-5 
25-3 

5-6 

2-2-5 
4-5^ 

1-2 

4-5 
1-1-5 

2-5 

3-4 
2-5-3 

6-0 

1-5 

5^-5 

5-5-5 

3 

2-3 
2-5 
4 
4-5 
1-5-2-5 
2-5 


Specific 
Gravity. 


Cabrerite  (p.  609) 

Beraunite  (p.  615) 

Herderite  (p.  601) 

Mamrite  (p.  566) 

Ampbibole  (p.  487) 

Leuoosphenite  (p.  585)  . 

Fremontite  (p.  602) 

IjUuUte  (p.  605) 

Wagnerite  (p.  600) 

Szomobiokite  (p.  633)  . . 
XanthophylUte  (p.  567) 

Seybertite  (p.  566) 

Lepidomelane  (p.  565). . 

Ba88etite  (p.  617) 

Kattigite  (p.  609) 

Ettdase  (p.  529) 

GUttoophane  (p.  492)  . . 

Ludlamite  (p.  614) 

Spenoerite  (p.  612) 

Lacroixite  (p.  601) 

Herrengrundite  (p.  638) 

ChurcWte?  (p.  609) 

Chondrodite  (p.  536) . . . 
Clinohumite  (p.  536) .  . . 

Frolectite  (p.  538) 

Spodumene  (p.  480) 

Hureaulite  (p.  611) 

Johannite  (p.  640) 

Palaite  (p.  607) 

Hibbenite  (p.  612) 

I^yroxene  (p.  474) 

Neptunite  (p.  585) 

Johnstnipite  (p.  585). . . 

Epidote  ^.  531) 

Rosenbuschite  (p.  483)  . 

Trdgerite  (p.  617) 

Ottrelite?  (p.  567) 

Gilpinite  (p.  640) 

Clinohedrite  (p.  540) . . . 

Jadeite  (p.  479) 

Celsian  (p.  460) 

HomiUte  (p.  529) 

Dickinsonite  (p.  607). . . 
Piedmontite  (p.  532) . . . 

Wohlerite  (p.  484) 

Sapphirine  (p.  544) .... 

Riebeckite  (p.  493) 

FiUowite  (p.  607) 

TripKte  (p.  600) 

Orpiment  (p.  357) 

Rinkite  (p.  685) 

Arfrredsonite  (p.  494). . . 
Synadelphite  (p.  606)  . . 

Titanite  (p.  583) 

Acmite  (p.  479) 


HaTtl- 


I 


2-96 

2-98. 

2-99-3-01 

2-99-3-081 

2-9-3-4 

3-0 

3-04 

3-06 

3-07 

3-08 

3-09 
3-31 
3'(W-2 

3-10 

31 

3-10 
3-10-311 

312 

312 

3-13 

313 

3-14 
31-3-2 
31-3-2 

313-3-2 

3-185 

3-199 

3-2 

3-21 

3-3-3-6 

3-23 

3-29 

3-25-3-51 

33 

3-3 

3-3 

73-3 

3-33 

333-3-35 

3-37 

3-38 

3-34 

3-40 

3-41-3-44 

3-42-3-48 

3-43 

343 

3-44-3-81 

3-4-3-6 

3-46 

3-44-3-45 

3  •45-3-50 

3-4r^-65 

3-5-3-55 


5 
3-5-4-5 

5-6 

6-5 

5-5 

5-6 
5-65 

4-6 

4-6 

3 

2-^-3 

7-6 
6-65 

3-4 

2-7 

4-1 

2-5 
3-35 
ft-6-5 
6-65 

6-5-7 

6 
2-2-5 

3-7 
5-6 
5-6 

6-7 
5-6 

6-7 
2 

55 
6-5-7 
6-6-5 

6 
3-5-4 

6-5 
5-5-6 

7-5 

45 

4-5-5 

1-6-2 

5 

6 

4-5 

6-5-5 

5-6-5 
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A.    LlTBTBB  NONlflfiTALUC. 


Veaselyite  (p.  612) 

Lavenite  (p.  484) 

ChlQritQid7(p.567) 

Keilhauite  (p.  585) 

Graf  tonite  ^.  594) 

Dietzeite  (p.  619) 

Triploidite  (p.  601) 

Realgar  (p.  357) 

Barytocalcite  (p.  449) .  . 
Adeiite,  Tilasite  (p.  601) 
Chaloomenite  (p.  641) . . 

Azurite  (p.  451) 

Leucophcenicite  (p.  538) 

Allactate  (p.  606) 

Allanite  (p.  533) 

Claudetite  (p.  409) 

Hodgkinsomte  (p.  582) 

Malachite  (p.  450) 

Durangite  (p.  601) 

Hancockite  (p.  533) 

Partschinite  (p.  510) . . . 

Gadolinite  (p.  529) 

Barylite  (p.  498) 

Tagilite  (p.  612) 

Barthite  (p.  612) 


l^p6oifio 
Gravity. 


Hard- 


3-53 
3-51-3-55 
3-52-3*57 
3-52-377 

3-7 

370 

37 

3-6 

3-65 

374 

376 
3  77-3'83 

3-8 

3-83-3-85 

3-5-4-2 

3  •85-415 

3-91 
3-9-403 
3-94-4-07 

40 

4-0 
4-0-4-5 

4-03 

4-08 

419 


3-5-4 

6 

6-5 
6-5 

5 

3-4 

4-5-5 

1-5-2 

4 

5 

3-5-4 
5-5-6 
4-5 
5-5-6 
2-5 
4-5-5 
3-5-4 

5 

6-7 

6-5-7 

6-&-7 

7 

3-4 

3 


Dihydrite  (p.  605) . . . 
Sarkinite  (p.  601) . . . . 
PyroetUpmte  (p.  390) 
Thaldmte(p.529).... 
Clmoclasite(p.604).. 
Kermesite  (p.  383) . . . 
Catoptrite(p.618)... 

Lautarite  (p.  619) 

Monazite  (p.  593) 

Linarite  (p.  632) 

Lorandite  (p.  386) . . . 
Baddeleyite(p.428).. 
Vauqueli]iite(p-630). 

Crocoite  (p.  630) 

Agricolite  (p.  510) 

TeHoiite  (p.  412) 

Leadliimte(p.631)... 

Lanarldte  (p.  632) 

Atelestite  (p.  606) 

Alamosite  (p.  483) ... 

Fiedlerite  (p.  401) 

Hubnerite(p.642)... 

Ra^pite  (p.  643) 

Terlinguaite  (p.  401) . 


Sp6cific 
Gravity. 


.  4-4-4 

418 

4-2 

4-2 

419-4-36 

4-5-4-6 

4-5 

4-59 
4-9-5-3 
5-3-5-45 

5-53 
5-5;6-025 
5-8-6-1 
5-9-6-1 

6-0? 
5-8-6-25 
6-26-6-44 
6-3-6-4 

6-4 

6-5 

7-2-7-5 
87 


Hard- 


4-5-5 

4-^ 

2 

6-5 

2-5-3 

1-1-5 

5-5 

5-5-5 
2-5 

2-2-5 
6-5 

2-5-3 

2-5-3 

3-4 

2-5 

2-2-5 

3-4-5 

4-5 

5^-5 

2^ 


Baumhauerite  (p.  386)  . 

AUanite  (p.  533) 

Arizonite  (p.  418) 

Crednerite  (p.  424) 

Smithite  (p.  386) 

MlARGTRITE  (p.  386)  .  . 

Plagionite  (p.  387) . . . 
Jamesontte  (p.  386) . . . 
Rittmgerite(p.393).... 


B.    LUSTBB  MbTALUC  (and  SuBlfBTALUC). 


Semseyite  (p.  387) .  . . 

POLYBASITE  (p.  392). . 

Pearoeite  (p.  393) 

Freibslebenite 

(p.  387) 

Jordanite  (p.  391) — 
Wolframite  (p.  641).. 
Sylvanitb  (p.  382) . . 
Calaverite  (p.  383) . 


3-3 

3 

3-5-4-2 

5-5-6 

4-25 

5-5 

4-9-5-1 

4-5 

4-9 

1-5-2 

5-1-5-3 

2-2-5 

54 

2-5 

5-5-6-0 

2-3 

5-63 

2-2-5 

5-95 

6-0-6-2 

615 

6-2-6-4 

6-39 

7-2-7-5 

7-9-8-3 

9 


2-3 

2-3 

3 

2-2-5 

3 

5^-5 

1-5-2 

2-5 
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VI.  CRYSTALLIZATION  TRICLINIC. 
A.  Luster  Nonhetallic. 


Sassolite  (p.  435) 

Lansfordite  (p.  453) 

Hannayite  (p.  61 1) 

IJ  Amarantite  (p.  639) 

Vf     it    Meyerhofferite  (p.  622) . 
fl#>1    Chalcantfaite(p.636)... 

I  *      I   Romerite  (p.  638) 

'  r         Ussingite  (p.  470) 

f  --—Microcline  (p.  460) 

I  Anorthoclase  (p.  461)  . . 

I         ■jyjbite  (p.  464) 

J       ■■   Oligoclase  (p.  466) 

\  Anemoustte  (p.  468) 

1  *■     Andesine  (p.  466) 

I  n    .Jubradorite  (p.  466) ... . 

I  «^  ■     Anortfaite  (p.  467) 

V        Turquois  (p.  613) 

Monetite  (p.  606) 

Anapaite  (p.  607) 

Stewartite  (p.  607) 

Schisolite  (p.  483) 


Specific 
Gravity. 


1-48 

1-54 

1-89 

211 

212 
212-2-30 

217 

2-6 
2-54~2-57 
2-57-2-60 
2-62-2-65 
2-65-2-67 

2-68 

2-68-2-69 

2-70-272 

2-74-2-76 

2-6-2-83 

275 

2-8 

2-94 

30-31 


Hard- 


1 
2-5 

2-5 
2 

2-5 

3-3-6 

6-7 

6-6-5 

6 
6-6-5 
6-6-5 

6-6-5 
6-6-5 
6-6-5 

5-6 

3-5 

3-5 

5-5-5 


Inesite  (p.  546) 

Amblygonite  (p.  602) . . . 

Fairfieldite  (p.  607) 

Messelite  (p.  607) 

Cbalcosiderite  (p.  616)  . 

Aziiiite  (p.  534) 

Hiortdahlite  (p.  485) . . . 
Parahopeite  (p.  607)  . . . 
Babingtonite  (p.  485)  . . 

Celsian  (p.  460) 

Rhodonite  (p.  484) 

Trimerite  (p.  515) 

Chloritoid?  (p.  567) .... 

RoseHte  (p.  607) 

Cyanite  (p.  526) 

Brandtite  (p.  607) 

^rroxmangite  (p.  485) . . 

i£nigmatite  (p.  494) 

Margarosanite  (p.  498)  . 

Tarbuttite  (p.  604) 

Walpurgite?  (p.  617) .  . . 


Specific 
Gravity. 


3-03 

3-01-5-09 

310 

311 

3-27 

3-27 

3-3 
3-35^-37 

3-37 
3-4-3-68 

3-47 

3-52-3-57 

3-5-3-6 

3-56-3-67 

3-67 
.     3-8 

3-85 

3-99 

4-1 

5-76 


Uanl- 


6 

6 

3-5 

3-5 

4-6 
6-5-7 
5^^ 

3-7 
5-5-6 
6-6-5 
5-5-6-5 

6-7 

6-5 

3-5 

5-7-25 
5-5-5 
5-5-6 

2-5-3 
37 
3-5 
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TABLE  III.  CRYSTALLINE  HABIT, 

I.   ISOMETRIC  SYSTEM. 

In  the  following  lists  some  species  are  enumerated  whose  crystalline  habit  is  often  so 
marked  as  to  be  a  distinctive  character. 

Cubes.  —  Metallic  Luster:  0«-1fiQA-  Pvrite. 

NoNMETALUC  Luster:    Fluorj^'  Cuprite  (at  times  elongated  into  capillary  forms), 

:  SylviteTBoracite;  Pharmacosiderite.    Also  Percylite;  Perovskite. 


Cerargyrite;  Halite;  .-.j-^.v^,  ..^.«^.v^,  *  .»^».»x...».v.w.v^.    **«^  *  ^.vj««^,  *  ^«^^toi^i^. 

CvJbe4ike  forms  occur  with  the  following:  ApophyUite  (tetragonal)^  Cryolite  (mono-  Vf 
clinic).  Also  with  the  rhombohedral  species:  Chabazite:  Alupite;  Calcite;  rarely  Quartz  /^ 
and  Hematite. 

Octahedrons.  —  Metallic  and  Submetallic  Luster:  Magnetity:  Franklinite;  Chro- 
mite;  Uraninite.    Also  sometimes^  Galena;  PjQQte;  Liniueite;  Uysanalyte. 

NoNMETALLic  Luster:  Spinel  (md.'Hercymte  and  Gahnite);  Cuprite;  Diamond;  Pyro-    • 
chlore  and  Microlite;  RaLstomte;  Periclase;  Alum. 

Forms  somewhat  resembling  regular  octahedrons  occur  with  some  tetragonal  species,  as 
Braunite;  Hausmannite;  Chalcop3rrite;  Zircon,*  etc.;  also  with  some  rhombohedral  species, 
as  Dolomite. 

Dodecahedrons.  —  Metallic  Luster:  Magaetite;  Amalgam. 

NoNMETALLic  LuBTER:  Gamct;  Cuprite;  Sjy^i^tlit^ 

Tetrahezahedrons.  —  Naiive  T)pper;  Fluorite.  _^ 

Trapezohedrons.  —  Nonhetallic  Lus^r:  Garnet;  Lsucite;  An^cite. 

Pyntohedrons.  —  Metallic  Luster:  Pyrite:_  Oobamte.  AlsO  GersdorflSte;  Hauerite 
(submetaUic). 

Tetrahedrons.  —  Metaluc  Luster:  Tetrahedrite. 

Nonmetallic  Luster:  Sphalerite;  Boracite;  Helvite;  Eulytite;  Diamond;  Zunyite. 

The  tetragonal  sphenoids  of  Chalcopyrite  sometimes  closely  resemble  tetrahedrons. 

II.  TETRAGONAL  SYSTEM. 

Square  Pyramids.  —  Submetallic  Luster:    Braunite;  Hausmannite. 

NoNUETALLic  Luster:  ZJrc^:  Wulfenite;  Vesuvianite;  Octahedrite;  Xenotime. 

Square  Prisms. —  Nonbcetallic  Luster:  Ziircon;  vesuviani^  Scapohtes;  Apophyllite; 
Phosgenite.  -  ^  ^ 

Square  tabular  crystals  occur  with  ApophyUite;  Wulfenite;  Torbemite. 

Prisms  nearly  square  are  noted  wiin  a  nurifoer  of  orihorhombic  species,  e.g.,  Topaz; 
Andalusite;  Danburite:  also  with  the  monoclinic  Pyroxene  UOO  A  010  =  90**, 
110  A  ITO  =  87**)  ' 

III.  HEXAGONAL  SYSTEM. 

Hexafonai  Prisms.  —  Noxmetallic  Luster:  Bervl-  Aoftltilfi;  Pyromorphite;  Vanadi- 
nite;  Munetite  (usually  indistinct  rounded  forms).  Also  NepneUte:  Milarite:  Tysonite, 
and  others. 

Hexagonal  prisms  are  also  common  with  the  rhombohedral  species:  Quarts:  Calcitej 
Tourmaline-^  Willemite:  Phenacite;  Dioptase.  ete.  Again,  with  thp  Mit^as.  ^^jg .  NumeP 
ous  rare  species  could  be  included  here.    . 

Many  orthorhombic  (or  monodinic)  species  having  a  prismatic  angle  of  about  60^  (and 
120**)  simulate  this  form  both  in  simple  crystals  and  still  more  as  the  result  of  twinning. 
Thus,  Aragonite;  Strontianite;  Leadhillite;  lolite.  It  is  also  to  be  noted  that  the  isometric 
dodecahedron,  e.g.,  of  Garnet,  has  often  the  form  of  a  hexagonal  pyramid  with  trihedral 
terminations  (cf.  Fig.  470,  p.  175). 

Tabular  hexagonal  prisms  are  noted  with  various  species.  Thus,  Metallic  Luster: 
Graphite;  Molybdenite;  Hematite;  Ilmenite;  I^rrhotite.  Nonmetallic  Luster:  Tri- 
dvmite.    "  ^"■*"       ^ 

Hex2B;Qnal  Pyramids.  —  Apatite:  Corundum,  (rhombohedral) ;  Quartz  (rhgmbohedral- 
trapezonedral) :  Hanksite. 

This  form  is  often  simulated  by  various  orthorhombic  species,  in  part  as  the  result  of 
twinning.  For  example,  Metallic  Luster:  Chalcocite;  Stephanite;  Polybasite;  Joi^ 
danite;  ete.    Also  Brookite. 

Nonmetallic  Luster:  Witherite;  Bromlite;  Cerussite;  lohte. 

Trigonal  Prisms.  —  Tourmaline. 

Shombohedrons.  —  Angle  ^S"  (and  105**):  Calcite;  Polomite:  SidprlfA?  ^hndn^hmaite. 
Angle  not  far  from  90*^:  Chabazite;  Alunite;  TDalcite; "also  Quartz;  'Hematite.  ** 

Scalenohedrons.  —  Calcite^uuTallied  CarbofialST  Proustit  "*""" 
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IV.  ORTHORHOMBIC,  MONOCLINIC  AND  TRICUNIC  SYSTEBia 

Prismatic  Cxystals.  —  Metaluc  Lubteb:  Stibnite;  Araenopyrite;  Boumomte;  Manga- 

nite:  Gdthite,  etc. 
NoNMETALLic  LusTERi   (arlharhombic)  Topag;  StauiDlite;  Andalusite;  Barije:  Cele&- 

(manodinic)  Pyrox^e:  Amphibole;  Ortjioclaae,  and  many  othas. 


ate:  Danburite.    Also  ^ ,  -^ ~r--   7^-  - ,  -    - 

Epidote  crystals  are  often  prismatic  m  aspect  (^ig.  »tf4,  p.  SSIJT 

Tabular  Crystals. —  Barite;  Cemssite;  Calamine;  Diasoore;  Wollastonite :  ^Aibiie. 

Adciilar  Crystals.  —  Metallic  Luster:    Stibnite;    Bismutiumie;    nTiljente;   Jame- 
sonite;  Aikinite,  and  other  species. 

Nonmetaluc  Luster:    Pectolite;  Natrolite:  Scolecite;  Thomsonite,  and  other  Zeolites. 


Also  Arapnnito'  Strontianitef  le^  6ften  ^aicite.     Also  many  otner  species. 

Twin  Crjrstals.  —  The  habit  of  the  twins  occurring  with  many  species  is  very  character- 
istic.   Reference  is  made  to  pp.  165  to  172  and  the  accompanying  ngures  for  a  presentation 
•  of  this  subject. 

TABLE  IV.  STRUCTURE  OF  MASSIVE  MINERALS 


Fibrous.  —  Fibers  separable:  Asbestus  (amphibole);  also  the  similar  asbestiform  va- 
riety of  serpentine  (chiysotile);  Crocidolite  (color  blue). 

Fibers  not  separable,  chiefly  straight:  Anthophyllite;  Calcite;  Gypsum.  Also  Araipnite; 
Barite;  Celestite;  Anhydrite;  Brucite;  Enstatite;  Wollastonite;  Dufrenite;  Vivianite. 
See  also  Columnar  below. 

Fibrous-Radiated.  —  WaveUite;  Pectolite;  Thomsonite;  Natrolite;  Stilbite,  Soolecite; 
and  other  Zeolites;  Gdthite;  Malachit  . 

Columnar.  —  Metallic  Luster:    Stibnite;  Hematite;  Jamesonite;  Zinkenite,  etc. 

NoNMETALLic  Luster:  Limonite:  Gdthite;  Aragonite;  Amphibole  (tremolite,  actino- 
lite,  etc.);  Epidote;  Zoisite;  Tourmaline;  Sillimanite;  NatroUte  and  other  Zeolites;  Stron- 
tianite;  Witherite;  Topaz. 

Granite  has  often  a  bladed  .  tructure. 

Fibrous  and  colunmar  varieties  pass  into  one  another. 

ypsum;  Pyrophyl 

Foliated.  —  Metaluc  Luster:    Graphite;   Molybdenite;   Tetradymite;   Stembergite; 


Lamellar-Stellate.  —  Gypsum;  Pyrophyllite;  Talc. 


Nasyagite. 

NoNMETALLic  LusTER:  Talc;  Orpiment;  Gypsum;  Pyrophyllite;  Seipentine;  Gypsum. 

Micaceous.  —  The  Micas,  p.  559:  also  the  Brittle  Micas,  p.  566,  and  the  Chlorites,  p.  568. 
Also  Brucite;  Orpiment;  Taic;  Torber^ite;  Autunite. 

Granular.  —  Metallic  Luster:  Galena;  Hematite;  Magnetite.  Many  sulphides, 
sulpharsenites;  etc.,  have  varieties  which  are  fine-granular  to  compact  and  impalpable. 

NONMETALLIC  LusTER:    Pvroxene  (coccolite);  6amet;  Calcite;  Barite,  etc. 

Botryoidal,  Mammlllary,  Reniform,  etc.  —  Metallic  Luster:  Hematite;  Arsenic; 
Allemontite. 

NoNMETALLic  Luster:  Malachite;  Prehnite;  Smithsonite;  Calamine;  Chalcedony; 
Hyalite;  rarely  Sphalerite,  etc. 

Stalactitic.  —  Metallic  Luster:  Limonite;  Psilomelane:  Marcasite. 

NoNMETALLic  Lubter:  Calcite;  Aragonite;  Gibbsite;  Chalcedony. 

Granular  Cleavable.  —  Metallic  Luster:  Galena. 

NoNMETALLic  LusTER:  Calcitc;  Dolomite;  Sphalerite;  Fluorite. 

Oolitic.  —  Calcite;  Aragonite;  Hematite. 

Earthy.  —  Nonmetallic  Luster:  Magnesite;  piolite 

TABLE  V.  PHYSICAL  CHARACTEBS, 

I.  CLEAVAGE. 

Cubic.  —  Metallic  Luster:    Galena. 

NoNMETALLic  Luster:  HaUte:  Sylvite.  The  cleavage  of  Anhydrite  (also  of  Gyro- 
lite)  simulates  this.     Cf.  also  Corundum,  p.  413. 

Octahedral.  —  Fluorite;  Diamond.  Magnetite  (also  Franklinite)  has  often  distinct 
octahedral  parting. 

Dodecahedral.  —  Sphalerite.    Also,  imperfect,  Sodalite;  Hauynite. 

Rhombohedral.  —  Calcite  and  other  species  of  the  same  group  (pp.  437-445)  andes 
75"*  and  105°. 

Square  Prismatic  (90'').  —  Scapohte;  Rutile;  Xenotime. 
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Prismatic.  —  Barite  (78''i  lOl""));  Celestite;  Amphibole  (54"*  and  126''),  etc. 

Basal.  —  Metallic  Luster:  Graphite;  Molybaenite. 

NoNMETALLic  Luster:  Apophyllite;  Topaz;  Talc;  the  Micas  and  Chlorites;  Chalco- 
phyllite,  etc.     Pyroxene  often  snows  markea  basal  parting. 

Pinacoidal.  —  Metallic  Luster:  Stibnite. 

NoNMETALUC  Luster:  Gypsum;  Orpiment;  Euclase;  Diaspore;  Sillimanite;  Cyanite; 
Feldspars. 

II.  HARDNESS. 

1.  Soft  Minerals.  —  The  following  minerals  are  conspicuously  Soft,  that  is,  H  »  2 
or  less;  they  hence  have  a  greasy  feel.     (See  further  the  Tables,  pp.  679  to  688.) 

Metallic  Luster:  Graphite;  Molybdenite;  Tetradymite;  otembergite;  Argentite; 
Nagyagite;  some  of  the  Native  Metals  (Lead,  etc.). 

NoNMETALUC  Luster:  Talc;  Pyrophyllite;  Brucite;  Tjrrolite;  Orpiment;  Cerarg3rrite; 
Cinnabar;  Sulphur;  Gypsum. 

Abo  Calomel,  Arsenolite,  and  many  hvdrous  sulphates,  phosphats,  etc. 

2.  Hard  Minerals.  —  Minerals  whose  hardness  is  equal  to  or  greater  than  7  (Quartz  —  7). 
The  following  minerals  are  here  included: 

Luster  Nonmetallic 


Quartz  (p.  403) 7 

Tridymite  (p.  407) 7 

Barylite  (p.  498)  .• 7 

Dumortierite  (p.  643) 7 

Danburite  (p.  522) .  .  : 7-725 

BORACTFE  (p.  620) 7 

Zunyite  (p.  505) 7 

Cyanite  (p.  526) 5-725 

Tourmaline  (p.  540) 7-7*5 

Garnet  (p.  505) 6-5-7-5 

Iolite  (p.  497) 7-7-5 

Staurolite  (p.  543) 7-75 

Schorlomite  (p.  510) 7-75 

Sapphirine  (p.  544) 7'5 

Euclase  (p.  529) 7*5 


Hambergite  (p.  620) 7*5 

Zircon  (p.  520) 7*5 

Andalusitb  (p.  524) 7*5 

Beryl  (p.  495) 7*5-8 

Lawsonite  (p.  540) 7*5-8 

Phenacite  (p.  514) 7*6-8 

Gahnite  (p.  420) 7-5-« 

Hercynite  (p.  420) 7*5-8 

Spinel  (p.  419) 8 

Topaz  (p.  523) 8 

Rhodizite  (p.  621) 8 

Chrysoberyl  (p.  423) 8*5 

Corundum  (p.  413) 9 

Diamond  (p.  345) 10 


The  following  minerals  have  hardness  equal  to  6  to  7,  or  6*5  —  7. 

Luster  Metaluc:   Iridosmine  (p.  355);  Iridium  (p.  355);  Spenylite  (p.  379). 

Luster  Nonmetallic:    Ardennite  (p.  539);  Axinite  (p.  534);  Bertrandite  (p.  539); 


III.  SPECIFIC  GRAVITY. 

Attention  is  called  to  the  remarks  in  Art.  302  (p.  199),  on  the  relation  of  specific  gravity  to 
chemical  composition.  Also  to  the  statements  in  Art.  303  as  to  the  average  specific  gravity 
among  minerals  of  metallic  and  nonmetallic  luster  respectively.  The  species  in  each  of  the 
separate  lists  of  Table  II  of  minerals  classified  with  reference  to  crystallization  are  arranged 
according  to  ascending  specific  gravities.  Hence  the  lists  give  at  a  glance  minerals  dis- 
tinguished by  both  low  and  high  density. 

IV.  LUSTER.     (See  Art.  864,  p.  249) 

Metallic.  —  Native  metals;  most  Sulphides;  some  Oxides,  those  containing  iron,  man- 
ganese, lead,  etc. 

Submetallic.  —  Here  belong  chiefly  certain  iron  and  manganese  compounds,  as  Ilmenite; 
Ilvaite;  Columbite;  Tantalite  (and  aUied  species);  Wolframite;  Braunite;  Hausmannite. 
Also  Brookite;  Uraninite,  etc. 

Adamantine.  —  Here  belong  minerals  of  high  refractive  index:  (a)  Some  hard  minerals: 
Diamond;  Corundum;  Cassiterite;  Zircon;  Rutile.  (h)  Many  species  of  high  density,  as 
compounds  of  lead,  also  of  silver,  copper,  mercury.  Thus,  Cerussite,  Anglesite,  Phos- 
g^te,  etc.;  Cerar^rite;  Cuprite;  some  Cinnabar,  etc.  (c)  Also  certain  varieties  of  Sphal- 
erite, Titanite  and  Octahednte. 
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MetaUie-AcUmantine.  —  Fyrargsrrite;  some  varieties  of  the  foUowing:  Cuprite,  Gems- 
site,  Octahedrite,  Rutile,  Brookite. 

ResinottS  or  Waxy.  —  Sphalerite;  Sulphur:  ElsBolite;  Serpentine;  many  Phosphates. 

Vitreous.  —  Quartz  and  man^  Sihcates,  as  Garnet,  Beryl,  etc. 

Pearly.  —  The  foliated  species:  Talc,  Brucite,  PyrophyUite.  Also  (on  cleavage  sur- 
faces) conspicuously  the  following:  ApophyUite,  Stubite,  Heulandite.  Also,  less  promi- 
nent: Barite;  Celestite;  Diaspore;  some  Feldspar,  and  others. 

Silky.  —  Some  fibrous  minerals,  as  Gypsimi,  Calcite;  also  Asbestus;  Malachite. 

V.   CX)LOR. 

The  following  lists  may  be  of  some  use  in  the  way  of  suggestion.  It  is  to  be  noted,  how- 
ever, that  especially  in  the  case  of  metaUic  minerals  a  slight  surface  change  may  alter  the 
effect  of  color.  Further,  among  minerals  of  nonmetalBc  luster  particularly,  no  sharp 
line  can  be  drawn  between  colors  slightly  different,  and  many  variations  of  shade  occur 
in  the  case  of  a  single  species.  For  these  reasons  no  lists,  unless  inconveniently  extended, 
could  make  any  claim  to  completeness. 

(a)  Metallic  Luster. 

Silver-white,  Tin-white.  —  Native  silver;  Native  Antimony,  Arsenic  and  Tellurium; 
Amalgam;  Arsenopyrite  and  Lollingite:  several  sulphides,  arsenides,  etc.,  of  cobalt  or 
nickel,  as  Cobaltite  (reddish);  some  Tellurides;  (Bismuth  (reddish).)  No  sharp  line  can 
be  drawn  between  these  and  the  following  group. 

Steel-gray.  —  Platinum;  Manganite;  Uhalcocite;  Sylvanite;  Boumonite. 

Blue-gray.  —  Molybdenite;  Galena. 

Lead-gray.  —  Many  sulphides,  as  Galena  (bluish);  Stibnite;  many  Sulpharsenites,  etc., 
as  Jamesomte,  Dufrenoysite,  etc. 

Iron-black.  —  Graphite;  Tetrahedrite;  Polybasite;  Stephanite;  Enargite;  Pyrolusite; 
Magnetite;  Hematite;  Freinklinite. 

Black  (with  submetallic  luster).  —  Ilmenite;  Limonite;  Columbite;  Tantalite,  etc.; 
Wolframite;  Ilvaite;  Uraninite,  etc.  The  following  are  usually  brownish  black:  Braunite; 
Hausmannite. 

Copper-red.  —  Native  copper. 

Bronze-red.  —  Bomite  (qmckly  tarnished  giving  purplish  tints);  Niccolite. 

Bronze-yellow.  —  Pyrrhotite;  Pentlandite;  Breitnauptite. 

Brass-ydlow.  —  Chaloopjrrite;  Millerite  (bronze).  Pale  brajss-yellow:  Pyrite;  Mar- 
casite  (whiter  than  Pyrite). 

Gold-yellow.  —  Native  gold;  chalcopyrite  and  pyrite  sometimes  are  mistaken  for  gold. 

Streak.  —  The  following  minerals  of  metallic  luster  are  notable  for  the  color  of  their 
streak: 

Cochinedlrred:  Pyraigyrite. 

Cherry-red:  Miar^jrrite. 

DiJl  Red:  Hematite;  Cuprite;  some  cinnabar. 

Scarlet:  Cinnabar  (usually  nonmetallic). 

Dark  Brown:  Manganite;  Franklinite;  Chromite. 

Yellow:  Limonite. 

Tarnish.  —  The  following  are  conspicuous  for  their  bright  or  variegated  tarnish:  Chal- 
copyrite; Bomite  (purplish  tints);  Tetrahedrite;  some  Limonite. 

(6)  Nonmetallic  Luster. 

Coloriess.  —  In  Crystals:  Quartz;  Calcite;  Aragonite;  Gypsum;  Cerussite;  Angles- 
ite;  Albite;  Barite;  Adularia;  Topaz;  ApophyUite;  Natrohte  and  other  ZeoUtes;  Ce- 
lestite; Diaspore;  Nephelite;  Meionite;  Calamine:  Cryolite;  Phenacite,  etc. 

Massive:  Quartz;  Calcite;  Gypsum;  HyaUte  (botryoidai). 

White.  —  Crystals:  Amphibole   (tremolite);   Pyroxene   (diopeide,  usually  greenish). 

Massive:  Calcite;  Milky  Quartz;  Feldspars,  especially  Albite;  Barite;  Cerussite,  Scapo- 
lite;  Talc;  Meerschaum;  Magnesite;  Kaolinite;  Amblygonite,  etc. 

Blue.  —  Blackish  Blue:  Azuritej  Crocidolite. 

Indiqo-blue:  Indicolite  (Tourmahne);  Vivianite. 

Aztjre-blue:  Lazulite;  Azurite;  Lapis  Lazuli;  Tur()Uois. 

Prussian-blue:  Sapphire;  Cyanite;  loUte;  Azurite;  Chalcanthite  and  many  copper 
compounds. 
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Sky-blue,  Mountain-blue:  Beryl;  Celestite. 

Violet-bltte:  Amethyst;  Fluorite. 

Gbeenish  Blue:  Amazon-fitone;  ChrysocoUa;  Calamine;  Smithsonite;  some  Turquois; 
Beryl. 

Chreen.  —  Blackish  Green:  Epidote;  Serpentine;  Pyroxene;  Amphibole. 

Emekald-green:  Beryl  (fjnerald):  Malachite;  Dioptase;  Atacamite;  and  many  other 
copper  compounds;  Spodumene  (hidoenite);  Pyroxene  (rare);  Gahnite;  Jadeite  and  Jade. 

Bluish  Green:  Bervl;  Apatite;  Fluorite;  Amazon-stone;  Prehnite;  Calamine;  Smith- 
sonite; ChrysocoUa;  Chlorite;  some  Turquois. 

Mountain  green:  Beryl  (aquamarine);  Euclase. 

Apple-oreen:  Talc:  Garnet;  Chrysojprase;  Willemite;  Gamierite;  Pyrophyllite:  some 
Muscovite;  Jadeite  and  Jade,  PyrophyUite. 

Pistachio-green:  Epidote. 

Grass-green:  P3rromorphite;  Wavellite;  Variscite;  Chiysoberyl. 

Grayish  Green:  Amphibole  and  Pyroxene,  man^r  common  kinds;  Jasper;  Jade. 

Yellow-green  to  Olive-green:  Beryl;  Apatite;  Chrysoberyl;  Chrysolite  (olive- 
green);  Chlorite;  Serpentine;  Titanite  Datolite;  OHvenite;  Vesuvianite. 

Tellow.  —  Sulphur-yellow:  Sulphur;  some  Vesuvianite. 

Orange- yellow:  Orpiment;  Wultenite;  Mimetite. 

Straw- YELLOW,  also  Wine-yellow,  Wax- yellow:  Topas;  Sulphur;  Fluorite:  Can- 
crinite;  Wulfenite;  Vanadinite;  Willemite;  Calcite;  Bante;  Chrysolite;  Chonorodite; 
Titanite;  Datolite,  etc. 

Brownish  Yellow:  Much  Sphalerite;  Siderite;  Gdthite. 

Ocher-yellow:  Gdthite:  YeDow  ocher  (limonite). 

Red.  —  Ruby-red:  Ruby  (corundum);  Ruby  spinel;  much  Garnet;  Proustite;  Vana- 
dinite; Sphalerite;  Chondrodite. 

Cochineal-red:  Cuprite;  Cinnabar. 

Hyacinth-red.  —  Zircon:  Crocoite. 

Orange-red.  —  Zincite;  Rc»lgar*  Wulfenite. 

Criicson-red:  Tourmaline  (rubellite);  Spinel,  Fluorite. 

Scarlet-red:  Cinnabar. 

Brick-red:  Some  Hematite  (red  ocher). 

RosE-RED  to  Pink:  Rose  quartz;  Rhodonite;  Rhodochrosite;  Erythrite;  some  Scapo- 
lite.     Apophyllite  and  Zoisite;  Eudialyte;  Petalite;  Margarite. 

Peach-blossom  Red  to  Lilac:  Lepidolite;  Rubellite. 

Flesh-red:  Some  Orthoclase;  Willemite  (the  variety  troostite);  some  Chabasite; 
Stilbite  and  Heulandite;  Apatite;  rarely  Calcite;  Polyhalite.. 

Brownish  Red:  Jasper;  Limonite;  Garnet;  Sphalerite;  Siderite;  Rutile. 

Brown.  —  Reddish  Brown:  Some  Garnet;  some  Sphalerite;  S  aurolite;  Cassiterite; 
Rutile. 

Clove-brown:  Axinite;  Zircon;  Pyromorphite. 

Yellowish  Brown:  Siderite  and  related  carbonates;  Sphalerite;  Jasper;  Limonite; 
Gdthite;  Tourmaline;  Vesuvianite;  Chrondrodite;  Staurolite. 

Blackish  Brown:  Titanite;  some  Siderite;  Sphalerite. 

Smoky  Brown:  Quartz. 

Black:  Tourmaline;  black  Garnet  fmelanite);  some  Mica  (especially  biotite):  also 
some  Amphibole.  Pyroxene  and  Epidote  (these  are  mos'ly  greenish  or  brownish  black); 
further,  some  Spnalerite  and  some  kinds  of  Quartz  (varying  from  smoky  brown  to  black)* 
also  Allanite;  Samarskite.  Some  hhsixk  mineraJs  with  submetallic  luster  are  mentioned 
on  p.  692. 

Str^ik.  —  The  streak  is  to  be  noted  in  the  case  of  some  minerals  with  nonmetallic  luster. 
By  far  the  majority  have,  even  when  deeply  colored  in  the  mass  (e.g.  Tourmaline),  a  streak 
differing  but  httle  from  white.    The  following  may  be  mentioned: 

Orange-yellow:  Zincite,  Crocoite. 

Cochineal-red:  Pyrargyrite  and  Proustite. 

Scarlet  red:  Cinnabar. 

Brownish  red:  Cuprite;  Hematite. 

Brown:  Limonite. 

The  streak  of  the  various  copper,  green  and  blue  minerals,  as  Malachite,  Azurite,  etc, 
is  about  the  same  as  the  color  of  the  mineral  itself,  though  often  a  little  paler. 
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Abbreviationa,  5 
Absorption  of  light,  222 

biaxial  crytrtols,  287 
uniaxial  crystals,  26S 
Acicular  structure,  183 
Acid  salts,  319 
Acids,  318 

Adamantine  luster,  209 
Aggre^t«  polariiatioD,  300 
Attip'e^tes,  crystalline,  1S2 

optical  properties,  300 
Airy'a  apirab,  270 
Albite  law  (twinning),  172 
Alkalies,  test  for,  319 
Alkaline  taste,  310 
Alliaceous  odor,  310 
Aluminium  (aluminum),  tesU  for,  338 
Amorphous  atnictute,  8,  183 
Amplitude  of  vibration,  203 
Amygdaloidal  structure,  183 
Analyser,  229 
Analysis,  blowpipe,  331 
chemicml,  326 
microchemical,  326 
An^e,  critical,  210 

of  extinction,  278 
Angles,  measurement  of,  162 

of  isometric  forms,  63,  66,  70 
Anisometric  cryHtals,  252 
Anisotropic  crystals,  252 
Anomalies,  optical,  301 
Anortbic  system,  143 
Antimony,  testa  for,  338 
Aboreecent  structure,  see  Dendritic,  183 
A  liliaceous  odor,  310 
Arsenic,  tests  for,  338 
Artificial  minerals,  1,  326 
Asterism,  250 
Astringent  taste,  310 
Asymmetric  class,  147 
Atom.  311 
Atomic  weight,  311 
Axes,  crystallographic,  16 

of  symmetry,  11 

optic,  276,  285 

dispersion  of,  289,  292 
Axial  anRle,  optic,  277 

measurement  of,  284 

plane,  26 

ratio,  26 


Barium,  tests  for,  338 

Basal  pinacbid,  78,  95,  122,  134 

Bases,  chemical,  31S 

Basic  salts,  319 

Baveno  twins,  171 

Becke  t«at,  216 

Bebnite,  180 

Betrand  ocular,  279 

Berylloid,  98 

Bevel,  Bevelment,  57 

Biaxial  crystals,  behavior  of  li^t  in,  270 

positive  and  negative,  277 
Biaxial  indicatrix,  274 

interference  figure,  281 
.optic  axes,  281 
Binary  symmetry,  1 1 
B|-quarti  wedge  plate,  280 
Birrfringence,  oetermination  of,  2^7 
Bisectrix,  acute,  277 
obtuse,  277 
Bismuth,  tests  for,  338 
Bitter  taste,  310 
Bituminous  odor,  310 
Bivalent  element,  317 
Bladed  structure,  182 
Blebby  bead,  332 
Blowpipe,  330 

flame,  331 
Borax  bead  tests,  336 
Boron,  tests  for,  338 
Botryoidal  structure,  183 
Brachy-axis,  121 
Brachydome,  123 
Bracbypinacoid,  122 
BrachvDrism.  123 
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Carlsbad  twin,  170 

CrystaUine  aggregate,  8,  182 

Center  of  eymmetry,  12 

structure,  8 

Charcoal  tests,  334 

Crystallites,  180 

composition    and    optical    char- 

Crystallography, 7 

acters,  298 

literature  of,  2 

elements,  311,312 

Cube,  54 

formula,  312 

Cubic  system,  52 

Curved  crystals  and  faces,  177 

radicals,  317 

reactions,  317 

D 

symbol,  312 

testa,  328,  338 

DecreiMtation,  332,  333 

Chlorides,  tests  for,  338 

Dendritic  structure,  173,  183 

Circular  polariiation,  240,  270 

Density,  195 

imitated  by  mica  sec- 

Description of  species,  343 

tions,  30D 

Classification  of  minerals,  343 

Cleavage,  186 

Diamagnetism,  309 

basal,  187 

cubic,  187 

orthorhombic  Bystem,  122 

dodecahedral,  187 

Diaphaneity,  247 

octahedral,  187 

Diathermancy,  306 

prismatic,  187 

Dibasic  acid,  318 

rhombohednd,  187 

Dichroiam,  247,  268 

Ciino.*xi9,  133 

Clinodome,  135 

Diffration,  223 

Clinohedral  class,  138 

D  hexagonal  bip>T&midal  class,  95 

Clinopinacoid,  134 

Clinoprism,  135 

ainopyromid,  135 
Oosed  tube  testa,  333 

D  beuKonal  pyramidal  class,  98 
Diploid,  65  ' 

Cobalt,  tesU  for,  339 

Dispersion,  221 

Cohesion,  186 

crossed,  294 

Colloid  structure,  183 

horizontal,  293 

CoUoidal  miners,  324 

inclined,  292 

Color,  204,  247,  248 

of  bisectrices,  293,  294 

of  optic  axpB,  289 

Columnar  structure,  182 

Distorted  crystals,  13,  174 
Ditetragonal  pnsm,  79 

ConaplementaiT  colors,  205 
Composition-ptone,  161 

Compound  crystals,  160 

pyramid,  82 

Concentric  structure,  182 

Ditetragonal  pyramidal  class,  84 

Conchoidal  fracture,  191 

Ditrigonal  bipyramidal  class,  103 

Conductivity,  tor  electricity,  306 

Ditrigonal  pram,  103 

for  heat,  304 

pyramid,  103 

Conical  refraction,  278 
Contact  %( 

Ditrigonal  pyramidal  class,  109 

ari?ent  structure,  182 

ContacUti 

lecahedron,  54 

Cooling  ta 

deltoid,  69 

Copper,  t« 

dyakis,  65 

pentagonal,  64 

tetrahed«a,72 

Cotangent 
Critical  an 

rhombic,  54 

nalic  class,  138 

Crossed  di 

nes,  31.  123,  135,  145 

Crypto-cr 

ible  refraction,  223 

Crystal,  A 

isy.  183 

d 

f< 
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E 

Earthy  fracture,  191 
f^ervesoenoe,  328 
Kittling,  164 
Elasticity^  186.  194 
Elastic  mmeralsy  194 
Electrical  conductivity  in  minerals,  306 
Electro-ne^tiye  elements,  313 
-positive  elements,  313 
Elements,  angular,  128,  139,  148 
axial,  128,  139,  148 
chemical,  312 
Elliptically  polarized  light,  240 
Elongation,  negative  or  positive,  280 
Enantimorphous  forms,  71,  113 
Epoptic  figures,  288 
Etching  figures,  189 
Exfoliation.  332 
Expansion  by  heat,  304 
Exterior  corneal  refraction,  276 
Extinction,  230 

directions,  character  of,  239 

inclined,  260,  278 

parallel,  260,  278 
Extinction-angle,  278 
Extraordinary  ray,  254 


Feel,  310 

Fetid  odor,  310 

Fibrous  structure,  182 

Filiform,  183 

First  order  prisms^  79,  95 

pyramids,  80,  97 
Fiveling,  164 
Flame  coloration,  332 

oxidizing,  331 

reducing,  331 
Flexible,  194 
Fluorescence,  251 
Fluorides,  test  for,  339 
Fluxes,  336 
Foliated  structure,  182 
Forceps,  330 
Form,  30 
Formula,  chemical,  312,  320 

calculation  of,  321 
Fracture,  191 

Frictional  electricity  in  minerals,  306 
Fundamental  form,  30 
Fusibility,  304,  332 

scale  of,  332 

G 

Gels,  324 

General  mineralogy,  literature  of,  3 

Gladstone  law,  210 

Glass,  optical  characters  of,  252,  300 

Glass  tubes,  331,  use  of,  333 

Gliding  planes,  187 

Glimmering  luster,  250 


Glistening  luster,  250 
Globular  structure,  183 
GlobuUtes,  180 
Glowing,  332,  333 
Gnomonic  projection,  40 
Gnomonic  projection  of  isometric  forms,  62 

hexagonal  forms,  99, 

109 
tetragonal  forms,  84 
triclinic   forms,  147 
monoclinic      forms, 

137 
orthorhombic  forms, 
127 
Goniometer,  contact  or  hand,  152 
horizontal,  155 
reflecting,  154 
theodolite,  l57 
two-circle,  157 
Granular  structure,  182 
Greasy  luster,  249 
Grouping,  molecular,  22 

parallel,  172,  173 
Gyroidal  forms,  71 

H 

Habit,  crystal,  10 

Hackly  fracture,  191 

Hand  goniometer,  152 

Hard  minerab,  193 

Hardness,  191 

Heat,  303 

effect  on  optical  proi)erties,  296 

Heavy  solutions,  198 

Hemihedral  forms,  21 

Hemimorphic  class,  hexagonal  system,  98 

monoclinic     system, 

138 
orthorhombic     system, 

126 
tetragonal  system,  84 

Hexagonal  axes,  94 

bipyramidal  class,  100 
pnsms,  95,  96 
prism  of  third  order.  111 
pyramidal  class,  101 
pyramids,  97,  98 
symmetry,  11  *   .  * 

system,  17,  94  • 

trapezohedral  class,  102 
trapezohedron,  102 

Hexakistetrahedron,  70 

Hexoctahedral  class,  52 

Hexoctahedron,  59 

Hextetrahedral  class,  66 

Hextetrahedron,  70 

Holohedral  forms,  21 

Horizontal  dispersion,  292 
goniometer,  155 

Horse-radish  odor,  310,  334 

Houppes,  288 

Hour-glass  structure,  478 

Hydroxides,  318 
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IcofiahedrcHi,  65,  67 
looeitetrahedron,  58 
Impalpable  structure,  182 
Inaicatrix,  biaxial,  274 

uniaxial,  257 
Indices,  crystallographic,  Dana,  29 

Goldschmidt,  20 
Naumann,  29 
Weiss,  29 
rational,  29 
refractive,  207 

determination  of,  280, 
213,  216 
Incidence,  angle  of,  206 
Inclined  oispersion,  292 

hemihedrons,  67 
Inclusions,  179 
Inelastic  minerals,  194 
Insoluble  minerals,  329 
Interference  of  light,  224,  230 
colors,  236 

biaxial  crystals.  260 
uniaxial  crystals, 
278 
figures,  biaxial,  281 

inclined,  267,  283 
uniaxial,  260 
Interior  conical  refraction,  276 
Intmnescenoe,  332 
Iridescence,  250 
Iron,  test  for,  339 
Iron  cross,  166 
Isodiametric  crystals,  252 
Isodimorphism,  325 
Isometric  crystals,  optical  properties,  252 

system,  16,  52 
Isomorphism,  322 
Isomorphous  group,  322 

mixtures,  323 
Isotropic  crystals,  252 


Jolly  balance,  19Q 


Klein  solution,  198 


K 


Lamellar  polarizationj^302 

structure,  182 
Lamp  for  blowpipe,  330 
Law  of  rational  indices,  29 
Lead,  test  for,  339 
Leftrhanded  crystal,  114,  403 
polarization,  241 
Light,  nature  of,  200 
Lightrray,  204 
Lifldit  velocity,  relation  to  refractive  index, 


Idg^t-waves,  202 

Liquids  with  high  refractive  indices,  213 

Lithium,  test  for,  339 

Lorentz  law,  210 

Lotcuz  law,  210 

Luster,  249 

M 

Macro-axis,  121,  144 

Macrodome,  123,  145 

Macropinacoid,  122,  145 

Macroprism,  123 

Macropyramid,  124 

Magnesium,  test  for,  339 

Magnetic  minerals,  308 

Magnetism,  308 

Magnets,  natural,  308 

Malleable  minerals,  193 

Mammillary  structure,  183 

Manganese,  test  for,  339 

Manebach  twin,  171,  457 

Margarites,  180 

Measurement  of  ciystal  angles,  152 

Mercury,  test  for,  339 

MetarCoUoids,  325 

Metagenetic  twins,  163 

Metallic-adamantine  luster,  249 

Metallic  luster,  249 

Metallic  pearly  luster,  249 

Metals,  313 

Mica  plate,  use  of,  264 

Mica  sections  superpoeed,  300 

Micaceous  structure,  182 

Microchemical  analysis,  326 

Microcosmic  salt,  v.  Salt  of  Phosporus,  336 

Microlites,  180 

Microscope,  245 

Miller  hexagonal  axes,  117 

indices,  117 
indices,  28 
Mimetic  crystals.  14 
Mineral,  artificial,  326 

literature  of,  4 

definition  of,  1 

sr^thesis,  326 
Mineral  kmgdom,  1 
Mineralogical  journals,  4 
Mineralogy,  chemical    and    determinative, 

literature  of,  4 
science  of,  1,  2 
Models  of  crystals,  21 
Mohs  scale  of  hardness,  191 
Molecular  networks,  22,  25 
structure,  7 
weight,  316 
Molecule,  311 
Molybdenum,  test  for,  339 
Monobasic  acid,  318 
Monoclinic  axes,  133 

crystals,  134 

optical  characters,  291 
system,  17,  133 
Mosey  structure,  183 
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N 

Natural  ma^ets,  308 
Naumann's  indices,  29 
Negative  crystal,  biaxial,  277,  286 

uniaxial,  254,  258,  264 
element,  313 
elongation,  280 
Network,  molecular,  22 
Neutral  salt,  319 
Newton's  rings,  225 
Nickel,  test  for,  339 
Nicol  prism,  22S 
Niobium,  test  for,  339 
Nitrates,  test  for,  339 
Nodular  structure,  183 
Non-metallic  luster,  249 
Non-metals,  313 
Normal  angles^  44 

class,  isometric  system,  52 
hexagonal  system,  95 
monoclinic  system,  133 
orthorhombic  system,  121 
tetragonal  syst^,  77 
triclinic  83rstem,  144 
salt,  319 

O 

Oblique  system,  133 
Octimedron,  54 
Ocular,  Bertrand,  279 
Odor,  310 
Opalescence,  250 
Opaque,  247 
Open  tube  tests,  334 

form,  30 
Optic  axes.  273.  276 
axial  angle,  277 
axis,  254 
Optical  anomalies,  301 

characters  of  crystalline  aggregates, 

300 
twin  crystals,  298 
effect  of  heat  upon,  296 
pressure  on,  300 
relation    to    chemical 
composition,  298 
tests,  methods  and  order  of,  295 
Ordinary  ray,  254 
Ortho-axis,  133 
Orthodome,  135 
Orthopinacoid,  134 
Orthoprism,  135 
Orthopyramid,  135 
Orthorhombic  axes,  121 

bipyramidal  class,  121 
bisphenoidaJ  class,  128 
crystals,  121 

optical     characters, 
288 
dispersion,  289 
pyramidal  class,  126 
system,  17,  121 


Oscillatory  combination,  176 
Oxides^  318 
Oxidismg  flame,  331 


Paraffenetic  twins,  163 
Parallel  extinction,  260,  278 
KTouping,  172 
hemineaSfons,  64 
Paramagnetic  minenus,  309 
Paramagnetism,  309 
Parameter,  27 
Paramorph,  27' 
Paramorphism,  27 
Parting.  188 
Pearly  luster,  249 
Penetration-twin,  162 
Penfield  beam  balance,  197 
Pentagonal  dodecahedron,  64 

tetrahedral,  72 

hemihedral  class,  63 

icositetrahedral  class,  71 

icosi tetrahedron,  71 
Pentavalent  element,  317 
Percussion  figure,  188 
Pericline  law  (twinning),  172,  462 
Periodic  law,  314,  315 
Phanero-crystalline,  182 
Phosphates,  test  for,  339 
Phosphorescence,  251 
Phosphoric  acid,  test  for,  339 
Photo-electricity,  307 
Physical  characters,  185 

mineralogy,  Uterature  of,  2 
Pieao-electricity,  307 
Pinacoid,  31 
Pinacoidal  class,  144 
Plagiohedral  class,  71 
Plagiohedral  hemihedral  class,  71 
Plane-polarized  li^t,  226 
Plane  of  polarization,  226 
Planes  of  symmetry,  10 
Platinum  wire,  330,  336 
Play  of  colors.  250 
Pleochroic  halos,  288 
Pleochroism,  247,  287 
Pleomorphism,  325 
Point  system,  23 
Polariscope,  229,  243 
Polarization,  226 
Polarization-brushes,  288 

-microscope,  245 
Polarized  light,  226 
Polarizer,  229 

Poly83mtnetic  twinning,  163 
Positive  crystal,  biaxial,  277,  286 

uniaxial,  254,  258,  264 
element,  313 
elongation,  280 
Potassium,  test  for,  340 
Pressure,  effect    upon    optical    characters, 

300 
figures,  189 
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Primary  optic  axes,  276 
Prusm,  30 

hexagonal  system,  dihexagonal,  96 

first  order.  95 
second  order,  96 
third  order,  100 
monoclinic  system,  135 
orthorhombic  system,  123 
tetragonal  system,  ditetraoonal,  79 

first  oraer.  79 
second  order,  79 
third  order,  85 
tridinic  system,  145 
Prismatic  class,  133 
Projection,  gnomonic,  40 

literature  of,  44 
horizontal,  31 
spherical,  31 
stereographic,  32 

Uterature  of,  44 
Pseudo-hexagonal  crystals,  14,  169,  437 

-isometric  crystals,  301 
Pseudomorphj  183,  326 
Pseudomorphism,  326 
Pseudosymmetry,  14,  60,  164,  174,  297 
Pycnometer,  197 
Pyramid,  31 

hexagonal  system,  dihexagonal,  98 

first  order,  97 
second  order,  97 
third  order,  100 
monoclinic  system,  135 
orthorhombic  system,  124 
tetragonal  system,  ditetragonal,  79 

first  oraer,  79 
second  order,  79 
third  order,  85 
triclinic  system,  145 
Pyramidal  hemihedral  hemimorphic  class, 

101 
Pyramidal-hemimorphic    class,    hexagonal 
system,  101 

tetragonal 
s^rstem,  86 
Pyritohedral  class,  63 
I^ritohedron,  64 
Pyro-electricity,  306 
I^TOgnostics,  338 

Q 

Quarter-undulation  mica  plate,  264 
Quartz  wedge,  231 

use  of,  286 

R 

Radiated  structure,  182 
Radical,  chemical.  317 
Rational  indices,  law  of,  29 
Reaction,  chemical,  317 
Reagents,  chemical,  328 
Reducing  llame,  331 
Reduction  of  metals,  334 


Reflecting  goniometer,  154 
Reflection  of  light.  205 
angle  ot ,  205 
Refraction,  20(3 

double,  223 

strength  oc,  224 
Refractive  index,  207 

determination  of,  213. 

216,  180 
relation  to  light  vebcitv, 
208 
indices,  principal,  209 
Refractometer,  241 
Regular  system,  52 
Refief,  high  or  low,  212 
Reniform  structure,  183 
Resinous  luster,  249 
Reticulated  structure,  1&2 
Rhombic  section,  462 

sphenoid,  128 
Rhombohedral  class,  104,  110 
Rhombohedral  division,  103 
Rhombohedral  hemihedral  class,  104 

hemimorphic  class,  109 
tetartohedral  class,  110 
Rhombohedron,  positive  and  negative, 

104,  105 
second  order,  110 
third  order,  110 
Rig^t-handed  crystal,  114,  403 
polarization,  241 
Roasting,  334 
R5ntgen  rays,  25 


S 


Saccharoidal  structure,  182 
Saline  taste,  310 
Salt  of  phosporus,  337 
Salts,  319 
Scalenol^^dron,  106 

tetragonal,  88 
Scalenohedral  class,  87 
Scale  of  fusibility,  332 
Scale  of  hardness,  191 
SchiUer,  251 
SchiUerization,  251 
Sderometer,  192 

Second  order  prism,  hexagonal  system,  96 

tetragonal    system,  79 
pyramid,   hexagonal  system, 
97 

tetragonal    system,  79 
rhombohedron,  110 
Secondary  optic  axes,  276 

twinning,  165,  188 
Sectile,  193 

Selenite-plate,  236,  266 
Selenium,  test  for,  340 
Semi-metals,  313 
Semi-transparent,  247 
Sensitive  tmt,  236 

use  of,  266 
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Separable,  182 
Shining  luster,  250 
Silica,  test  for,  340 
Silky  luster,  249 
Silver,  test  for,  340 
Soda,  use  of,  330,  336 
Sodium,  test  for,  340 
Soft  minerals,  193 
Solid  solution,  323 
Solubility  in  minerals,  328 
Solution  planes,  189 
Sonstadt  solution,  198 
Sound  waves^  201 
Specific  gravity,  195 

determination  of,  196 
Spectroscope,  221 
Sphenoid,  87 

rhombic,  128 
Sphenoidal  class,  monoclinic  system,  138 

orthorhombic  system, 

128 
tetragonal  system,  87 
hemihedral  class,  87 
tetartohedraj  class,  89 
Spherical  projections,  31 
Spherulites,  300,  459 
Splendent  luster,  250 
Splintery  fracture,  191 
Stalactitic  structure,  183 
Stellated  structure,  182 
Stereographic  circles  and  scales,  36 
projection,  32 

Uterature  of.  44 
hexagonal   forms, 

99,  108 
isometric     forms, 

61 
tetragonal  forms, 

83 
triclinic       forms, 

146 
monoclinic  forms, 

137 
orthorhombic 
forms,  126 
protractor,  35,  39 
Streak,  247 

Stren^h  of  double  refraction,  224 
Striations,  176 

Strike-figure,  v.  Percussion-figure,  188 
Strontium,  test  for,  340 
Structure  of  minerals,  182 
Sublimate,  333,  334 
Subtranslucent,  247 
Subtransparent,  247 
Subvitreous,  249 
Sulphates,  test  for,  340 
Sulphides,  test  for,  340 
Sulpho-salts,  320 
Sulphur,  test  for,  340 
Sulphurous  odor,  310 
Swelling  up,  332 
Symbol,  chemical,  312 

crystallographic,  27 


Synunetry,  10 

axis  of,  1 1 
center  of,  12 
classes,  15 

exhibited  by  stereographic  pro- 
jection, 45 
of  systems,  18,  19 
planes  of.  10 
Synthesis,  mineral,  326 
System,  hexagonal,  94 
isometric,  52 
monoclinic.  133 
orthorhomoic,  121 
tetragonal,  77 
triclinic,  143 
Systems  of  crystEdlization,  15 


Tangent  relation,  49 
Tarnish,  250 
Taste,  310 
Tautozonal  faces,  45 
Tellurium,  test  for,  340 
Tenacity,  193 
Test  paper.  330 

Tetartoneoral  class,  isometric  system,  72 

tetragonal  system,  89 
f orms^  22 
Tetragonal  bipyramidal  class,  85 

bisphenoidal  class,  89 

crystals,  77 

pyramidal  class,  86 

sealenohedron,  88 

sphenoidal  class,  87 

symmetry,  11 

system,  16,  77 

trapezohedral  class,  89 

trapezohedron,  89 

trisoctahedron,  58 

tristetrahedron,  69 
Tetrahedral  class,  66 

hemihedral  class,  66 

pentagonal  dodecahedral 
class,  72 

pentagonal  dodecahedron,  72 
Tetrahedron,  67 
Tetrahexahedron,  56 
Tetravalent  element,  317 
Theodolite  goniometer,  157 
Thermo-electricity,  307 
Third-order  prism,  hexagonal  system,  100 

tetragonal  system,  85 

pyramid,  hexagonal  system,  100 
tetragonal  system  85 

rhombohedron,  110 
Thoulet  solution,  198 
Tin,  test  for,  340 
Titanium,  test  for,  340 
Total  reflection,  210 

refractometer,  219,  241 
Tourmahne  tongs,  243 
Translucent,  247 
Transparency,  247 
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Transparent,  247 

Trapezohedral    class,    hexagonal    system, 

102,  112 
tetragonal  system,  89 
hemihedral  class,  102 
tetratohedial  class,  112 
Trapesohedron,  58 

hexagonal,  102 
tetra[gonal,  89 
trigonal,  113 
Tribasic  acid,  318 
Trichite,  180 
Triclinic  axes,  143 

crystals,  143 

optical  characters  of,  295 
system,  17,  143 
symmetry.  115 
Trigonal  bipyramidal  class,  114 
class,  103 
division,  103 
hemihedral  class,  103 

hemimorphic  class,  109 
prism,  103 
pyramid,  103 
pyramidal  class,  114 
symmetry,  11 
system,  103 
tetartohedral  class,  114 

hemimorphic  clasSf  114 
trapezohedral  class,  112 
trapezohedron,  113 
trisoctahedron,  57 
trictetrahedron,  09 
Trigondodecahedron,  09 
Trigonotype  class,  103 
Trilling,  164 
Trimorphous,  325 
Tripyramidal  class,  hexagonal  system,  100 

tetragonal  system,  85 
Trisoctahedron,  57 
Trirhombohedral  class,  110 
Tristetrahedrons,  69 
Trivalent  element,  317 
Truncate,  truncation,  56 
Tungsten,  test  for,  340 
Twin  crystals,  160 

optical  characters  of,  298 
Twinning,  artificial,  188 
axis,  161 
plane,  161 
polysynthetic,  163 
repeated,  163 
secondary,  165 
symmetncal,  163 
Twins,  isometric,  165 
hexagonal,  167 
monoclinic.  170 
orthorhomoic,  169 
spinel,  419 
tetragonal,  166 ' 
triclinic,  172 
Two-circle  goniometer,  157 


U 


Ultrarblue,  521 
Uneven  fracture,  191 
Uniaxial  crystals,  253 

behavior   of   li|^t   in, 

253 
determination  of  refrac- 
tive indices,  254 
examination    in    conver- 
gent   polarized    light. 
260 
examination  in  polarized 

Ui^t,  259 
interference  colors,  260 
optical  characters,  270 
positive  and  negative, 
254 
indicatrix,  257 
wave  surface,  255 
Unit  form,  30 
Univalent  element,  317 
Uranium,  test  for,  340 
Urabtization,  490   , 


Valence,  317 
Vanadium,  test  for,  340 
Velocity  of  li^t,  203 

relation  to  refractive  in- 
dex, 208 
Vicinal  forms,  24 
Vitreous  luster,  209 


W 


Water  of  crystallization,  320 
Water-waves,  201 
Wave-front.  203 
Wave-length,  204 
Wave-motion,  201 
Wave-surface,  biaxial  crystals,  273 

uniaxial  ciystak,  255 
Waxy  luster,  249 
Westphal  baJanoe,  199 
White  Uf^t,  204 
Widmanstatten  lines,  356 


X-rays  and  crystal  structure,  25 


Zinc,  test  for,  340 
Zirconium,  test  for,  341 
Zirconoid,  82 
Zonal  equations,  46 
Zone,  31 
Zone-axis,  31 


INDEX  TO  SPECIES 


Aarite,  v.  Ante,  372 
Abriachanite,  493 
Acadialite,  552 
Acantliite,  367 
Acerdeee,  v.  Manganite 
Achmatite,  532 
Achroite,  542 
Acmite,  479 

Actmolite,  Actinote,  489 
Adamantine  spar,  413 
Adamine,  604 
Adamite,  604 
AdeUte,  601 

Adipocune,  v.  Hatchettite 
Adular,  Adidaria,  458 
iGdeUte,  535 
^girine,  419 
JFvinf^   4.7Q 

^girite-augite,  477 
JEnigmatite,  494 
JBscAynite,  591 
Agalite,  576 
Agalmatolite,  562 
Agaric  minera],  440 
Agate,  405 
Agate-jasper,  406 
Agnolite,  582 
AgricoUte,  510 
Aguilarite,  365 
Aikmite,388 

Akermanite,  519 
Alabandin,  369 
Alabandite,  369 
Alabaster,  634 

Oriental,  440 
Alaite,  436 
Alalite,  476 
AUunostte,  483 
Alaskaite,  386 
AlauD,  V.  Alum. 
Alaunstein,  v.  Alunite 
Albertite,  647 
Albite,  464 
Alexandrite,  424 
Algodonite,  362 
Alunite,  364 
Allactite,  Allaktit,  606 
Allagite,  485 
Allanite,  533 
Allemontite,  349 


ADochioite,  508 
Allodasite,  Alioklas,  382 
AUopalladinm,  356 
Allopluuie,  580 
Almandine,  Alnumdite,  507, 

419 
Almeriite,  640 
Aloisiite,  545 
Alpba-quartz,  403 
AJshedite,  584 
AJstonite,  p.  Biomlite,  447 
Altute,364 
Alunij  637 
Alnmiaii,  632 
Alumina,  413,  418 
Acuminates,  418  et  aeg. 
Almninite,  639 
Aluminium  borate,  620 

carbonate,  452 

chloride,  399 

fluorides,  399,  400 

hydrates,  431,  435 

mellate,  645 

oxide,  413,  431,  435 

phosphates,  605, 610,  etc. 

silicates,  523,  524,  5^, 
578,  579,  580,  etc. 

sulphates,  632, 637, 639 
Alumimum  ore,  433 
Alumstone.  639 
Alundum,  414 
Alunite,  639 
Alunogel,  434 
Alunogen,  638 
Alurdte,  565 
Amalgam,  354 
Amarantite,  639 
Amazonite,  461 
Amazonstone,  461 
Ambatoarinite,  449 
Amber,  276,  645 
Amblygonite,  602 
Amblystegite,  473 
Amesite,  571 
Amethyst,  405 

Oriental,  410 
Amianthus,  490.  573 
Anuniolite,  618 
Ammonium,  carbonate,  450 

chloride,  397 

oxalate,  644 

phosphates,  610,  etc. 
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Ammonium,  sulphates,  624, 

etc 
Ampangab^ite,  591 
Amphibole,  487 
Amphibole  Group,  485 
Amphibole-anthophyllite, 

489 
Amphigtoe,  469 
Amphodelite,  468 
Analcime,  551 
Analdte,  554 
Anapaite,  607 
Anatase,  428 
AncyUte,  449 
Andahislte,  524 

Am^amma    AAA 

Andorite,'385 
Andradite,  507 

Andrewsite,  616 
Anemousite,  468 
Angaralite,  540 
Anglesite,  628 
Aniydrite,  629 
Animikite,  362 
Ankerite,  443 
Annabergite,  609 
AmierOdite,  591    . 
Annite,  565 
Anomite,  564 
AnorOdte,  467 
Anorthoclase,  461 
AnthonhYlUte,  486 
Hydrous,  487 
Anthracite,  648 
Antigorite,  573 
Antimonarsen,  v.  Allemontite 
Antimonates,  618 
Antimonblende,  v,  Kermes- 

ite 
Antimonglanz,  i;.  Stibnite 
Antimonides,  372,  etc, 
Antimonite,  358 
Antimokites,  618 
Antimonnickel,  v.  Breithaup- 

tite 
Antimonsilber,    v,    Dyscras- 

ite 
Antimonsilberblende,  i^.  Py- 

rargyrite 
Antimony,  349 
Gray,  358 
NaUve,  349 
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Antimony,  Red,  v,  Kermesite 

White,  409 
Antimony  oxides,  409 

oxYSulphide,  383 

Bulphide,  358 
Antimony  glance,  358 
Antlerite,  632 
Apatite,  595 

Aphan^se,  Aphanesite,  604 
Aphrite,  440 
Aphrizite,  542 
Aphrosiderite,  571 
Aphthalose,  624 
Aphthitalite,  624 
Apiohnlte,  637 
Aplome,  508 
ApophyUite,  546 
Apotbme,  627 
Aquamarine,  495 
Amoxene,  604 
Aragonite,  446 
Arcanite,  624 
Ardennite,  539 
Arduinite,  55S 
Arendalite.  531 
Arfvedsomte,  494 
Argentine,  440 
Argentite,  364 
Areentobismutite,   v.   Matil- 

Arsyrodite,  394 
Ante,  372 
Arizonite,  418 
Arkansite,  430 
Arquerite,  354 
Armangite,  594 
Arragonite,     v.    Aragonite, 

446 
Arsenates,  592 
Arsenic,  348 

White,  409 
Arsenical  antimony,  349 
Arsenic  oxide,  409 
sulphide,  357 
Arsenides,  361 
Arsenikalkies,    v.    Arsenopy- 

rite 
Arsenikkies,  t;.   Arsenopy- 

rite 
Arseoiopleite,  606 
Arseniosiderite,  606 
Arsenides,  v.  Arsenopyrite 
Arsenobismite,  617 
Arsenofeirite,  378 
Arsenolite,  409 
Arsenopyrite,  381 
Arsensuberblende,   v.  Prous- 

tite 
Artinite,  453 
Asbestos,    Asbestus,    489, 

573 

Blue,  493 
Asbolan,  436 
Asbolite,  436 


Aschaiite,  621 

Asmanite,  408 
Asparagus-stone,  596 
Aspasiolite,  498 
Asphaltum,  647 
Asteria,  413 
Asteriated  quartz,  405 

sapphire,  413 
Astrakanite,  637 
Astrolite,  496 
Astrophyllite,  585 
Atacamite,  400 
Atelestite,  606 
Atopite.  618 
Attacohte,  614 
Auerlite,  522 
AugeUte,  614 
Augite,  477 
Auralite,  498 
Aurichalcite,  451 
Auripigmentum,  357 
Automolite,  420 
Autunite,  616 
Aventurine  feldspar,  465 

quartz.  405 
Ax-stone,  482 
Azinite,  534 
Awaruite,  356 
Azurite,  451 

B 

Bababudanite,  493 
Babingtonite,  485 
Backstromite,  ^35 
Baddeckite,  562 
Baddeleyite,  428 
Batfenite,  374 
Bagrationite,  533 
BaikaUt^,  477 
Bakerite,  581 
Balas  ruby,  419 
Baltimorite,  573 
Bamlite,  526  - 
Barbierite,  458 
Baricalcite,  440 
Barite,  625 

Barium     carbonate,     447, 
449 

nitrate,  619 

silicate,    460,   498,   549, 
550,  555,  etc. 

sulphate,  625 
Bariumuranit,  617 
Barkevikite,  494 
Barrandite,  610 
Barsowite,  523 
Barthite,  612 
BaiyUte,  498 
Barysilite,  498 
Baryt,  Barytes,  625 
Baryta,  v.  Barium 
Baryta-feldspar,  460 
Baiyta-orthoclase,  460 


Baiytocaldte,  449 
Baryturanit,  617 
Basanite,  406 
Bassanite,  630 
Bassetite,  617 
Bastite,  474,  573 
Bastnilsite,  449 
Batchelorite,  579 
Bathvillite,  646 
Batrachite,  512 
Baumhauerite,  386 
Bauxite,  433 
Bavenite,  558 
Bayldonite,  612 
Bazzite,  540 
Beaumontite,  549 
Beauxite,  433 
Beaverite,  638 
Bechilite,  623 
Beckelite,  540 
Beegerite,  392 
Beilstein,  t>.  Nephrite 
Beldongrite,  436 
BeUite,  631 
Bell-metal  ore.  394 
Belonesite,  399 
Bementite,  582 
Benitoite,  585 
Beraunite,  615 
Bergamaskite,  491 
Bergblau,  v.  Aziuite 
Bergkrystall,  v.  Quartz 
Bergmannite,  556 
Bergsalz,  v.  Halite 
Bergseife,  579 
Bergtheer,  v.  Pittasphalt 
Berlinite,  614 
Bernstein,  v.  Amber 
Berthierite,  386 
Bertrandite,  539 
Beryl.  495 
Beryllium  aluminate,  423 

borate,  620 

phosphate,  601 

siUcate,   495,   496,  514, 
529,539 
BeryUonite,  595 
Berzelianite,  365 
Berzeliite,  593 
Betafite,  591 
Beta-quartz,  403 
Beudantite,  618 
Beyrichite,  372 
Bieberite,  636 
Bildstein,  v,  Agalmatolite 
Bilinite,  637 
Bindheimite,  617 
Binnite,  391 
Biotina,  Biotine,  468 
Biotite.  563 
Bisbeeite,  581 
Bischoflte,  402 
Bismite,  410 
Bismuth,  349 
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Bismuth  arsenate,  606 

carbonate,  449,  454 

oxide,  410 

oxychloride,  401 

selenide,  359 

silicate.  504 

sulphiae,  359 

tellurate,  641 

tellunde,  360 

uranate,  617 

vanadate,  594 
Bismuth  glance,  359 
Bismuth  gold,  350 
Bismuth  ocher,  410 
Bismutfainite,  359 
Bismutite,  454 
Bismutoplagionite,  387 
Bismutosmaltite,  380 
Bismutosphaerite,  449 
Bittersalz,  v.  Epsomite 
Bitter   spar,   Bitterspath,  v. 

Dolomite 
Bitumen,  646,  647 
Bituminous  coal,  648 
Bityite,  558 
Bixbyite,  425 
Bjelkite,  387 
Black  jack,  367 
Black  lead,  347 
Blanfordite,  477 
Blattertellur,  v.  Nagyagite 
Blaueisenerde,  v.  Vivianite 
Bleiantimonglanz,  v.  Zinken- 

ite 
Bleiglanz,  v.  Galena 
Bleini^re,'  Bleinierite,  v.  Bind- 

heimite 
Bleischweif ,  363 
Bleivitrol,  t;.  Anglesite 
Blende,  367 
B19dite,  637 
Bloedite,  Bloedite,  637 
Blomstrandine,  591 
Bloodstone,  405 
Blue  asbestus,  493 

iron  earth,  608 

John,  398 

malachite,  v.  Azurite 

vitriol,  636 
Bobierrite,  608 
Bocumlerite,  399 
Boghead  cannd,  648 
Bog-iron  ore,  433 

manganese,  436 
Bole,  579 
Bol6ite,  401 
Bologna  stone,  626 
Boltonit«,  513 
Bone-phosphate,  597 

turquoise,  613 
Bonsdorffite,  498 
Boort,  345 
Boothite,  636 
Boracite,  620 


Borates,  619 
Borax,  622 
Borickite,  615 
Boric  acid,  435 
Bomite,  374 
Boron  hydrate,  435 

silicate,  522,  527 
Boronatrocalcite,  622 
Bort,  345 
Bostonite,  575 
Botryogen,  639 
BotryoUte,  528 
Boulangerite,  387 
Boumonite,  388 
BoussingaiUtite,  637 
Bowenite,  572 
Bowmannlte,  601 
Brackebu8chite»  604 
Bragite,  588 
Brandisite,  566 
Brandtite,  607 
Brannerite,  586 
Brauneisenstein,    v,    limon- 

ite 
Braimite,  425 
Bmuastein,  Grauer,  v.  Pyro- 

Iwiite 
Bravoite,  378 
Brazilian  pebble,  325 

emerald,  542 

sapphire,  542 
Brazilite,  428  ' 
Bredber|:ite,  508 
BreLslakite,  490 
Breithauptite,  372 
Breunerite,  443 
Breunnerite,  443 
Brevicite,  556 
Brewsterite,  549 
Britholite,  580 
Brittle  silver  ore,  392 
Brochantite,  632 
Broggerite,  623 
Bromargyrite,  397 
Bromides,  397 
BromUte.  447 
Bromyrite,  397 
Brongnartme,  632 
Brongniardite,  387 
Bronzite,  472 
Brookite,  429 
Brown  coal,  648 

iron  ore,  432 

iron  stone,  432 

hematite,  432 

ocher,  432 

spar,  443 
Brucite,  434 
Brugnatelllte,  453 
Brunsvigite,  572 
Brushite,  611 
Bucholzite#526 
Bucklandite,  532,  533 
Buhrstone,  406 


Bunsenite,  411 
Buntkupfererz,  t;.  Bomite 
Burrstone,  406 
Bushmanite,  637 
Bustamite,  484 
Buttermildierzy   t*.   Cerargy- 

rite 
Byssolite,  490 
Bytownite,  467 


Cabrerite,  609 
Cacholong,  408 
Cacoxenite,  614 
Cadmia,  540 
Cadmium  sulphide,  371 
Cadmium  blende,  v.  Green- 

ockite,  371 
Cadmium  oxide,  411 
Csesium  silicate,  470 
Cainosite,  v.  Cenosite,  580 
Cairngorm  stone,  405 
Caking  coal,  648 
Calamme,  539,  445 
Calaverite,  383 
Calc  sinter,  440 

spar,  438 

tufa,  440 
Calciofenitej  615 
Calciostrontianite,  448 
Calciovolborthite,  604 
Calcite,  438 
Calcium  arsenate,  610,  eic. 

antimonate,  618 

borate,  620,  621,  etc. 

carbonate,  438,  446 

chloride,  399 

flouride,  398 

iodate,  619 

molybdate,  643 

nioDat«,  587,  etc. 

nitrate,  619 

oxalate,  644 

oxyfluoride,  401 

phosphate,  595,  606, 
611,  etc. 

sUicate,  483,  467,  etc. 

sulphate,  629,  633,  etc. 

sulphide,  369 
Calcium  tantalate,  587 

titanate,  583,  586 

tungstate,  642 
Caledonite,  632 
Califomite,  520 
Callainite,  610 
Calomel,  395 
Campy  lite,  598 
Canaanite,  476 
Cancrinite,  501 

sulphatic,  501 
Canfleldite,  394 
Cannel  coal,  648 
Caoutchouc,  Mineral,  647 


706 


INDEX  TO  SPECIES 


Capillary  pyntes,  372 
Caporcianite,  552 
Cafypeienite.  496 
Caracolite,  631 
Carbon,  345 
Carbonado,  345 
Caiibonateb,  436 
Carlosite,  585 
Canninite,  594 
Camallite,  401 
Camesieite,  468 
Camelian,  405 
Cameol,  v.  Carhelian 
Camotite,  617 
Carpholite,  540 
Can»hosiderito,  639 
Carrollite,  374 
Caryinite,  593 
Cazyocerite,  496 
Caiyopilite,  582 
Cassiterito,  425 
Castanite,  639 
Castor.  Castor  te,  455 
CafiweUite,  565 
Catapleiite,  496 
Cataspilite,  498 
Catlinite,  580 
Catoptrite,  618 
Cat's  eve,  405,  424 
Cauk,  Cawk,  626 
CeboUite,  518 
Celadonite,  577 
Celestine,  627 
Celestite,  627 
Celsian,  460 
Cenosite,  580 
Cerargyrite,  397 
Cerite,  540 
Cerium  carbonate,  449 

fluoride,  399 

niobates,  587 

phosphates,  593,  609,  etc, 

sib'cates,  533, 540, 585,  etc, 
Ceruleite,  616 
Cenissite,  44S 
Cervantite,  410 
Cesarolite,  424 
Ceylanite,  Ceylonite,  410 
Chabaxite,  552 
Chalcanthite,  636 
Chalcedony,  405 
Chalcodte,  366 
Chalcodite,  572 
Chalcolamprite,  587 
Chalcomenite,  641 
Chalcophanite,  435 
Chalcophyllite,  612 
Chalcopyrite,  374 
Chalcosiderite,  616 
Chalcosine,  366 
Chalcostibite,  386 
Chalcotrichite,  411 
Cbalk,  440 

Fiench,  575 


Gialmersite,  366 

Chalybite,  443 

Chamoisite,  Chamosite,  572 

Chathamite,  378 

Chemawinite,  645 

Chenevizite,  616 

Chert,  406 

Chessy  copper,  451 

Chessylite,  451 

Chesterlite,  461 

Chiastolite,  525 

Cluldrenite,  615 

Chilenite,  362 

Chillagite,  643 

ChioUte,  400 

Chiviatite,  385 

Chladnite,  472 

Chloantfaite,  378 

Chloralluminite,  399 

Chlor-apatite,  595 

Chlorargyrite,397 

Chlorblei,  v,  (Jotunnite 

Chlorides,  395 

Chlorite,  568 

Chlgritb  Group,  568 

Chloritoid,  567 

Chloritspath,  v.  Chloritoid 

Chlormaoganokalite,  399 

Chlorocalcite,  399 

Chloromagnesite,  399 

Chloromelanite,  482 

Chloropal,  582  * 

ChlorophflBite,  571 

Chlorophane,  398 

Chlorophyllite,  498 

Chlorquecksilber,     v     Calo- 
mel 

Chlorospinel,  419 

Chlorsilber  v.  Cerargyrite 

Chondrarsenite,  601 

Chondrodite,  536 

Chrismatine,   Chrismatite, 
645 

Christianite,  468 

Christobalite,  408 

Christophite,  368 

Chromates,  630,  etc. 

Chrome  diopside,  476 

Chrome  spinel,  419 

Chromeisenst4>in,  v.  Chrom- 
ite 

Chromic  iron,  423 

Chromite,  423 

Chromitite,  423 

Chromium  oxide,  423 
sulphate;  639 
sulphide,  374 

Chxysoberyl,  423 

Chxysocolla,  581 

Chxysolite,  511 

Chrysolite  Group,  510 

Chrysoprase,  405 

Chrvsotile,  573 

Chiu-chite,  609 


Cimolite,  579 
Cinnabar,  370 

Inflammable,  646 
Cinnamon-stone,  507 
CirroUte,  606 
Citrine,  405 
Clarite,  393 
Claudetite,  409 
Clausthaljte,  364 
Clay,  et  seq.  578 
Clay  iron-stone,  416 

Brown,  433 
Cleavlandite,  465 
Cleiophane.  368 
Cleveite,  623 
CUachite,  434 
Cliftonite,  347 
Clinochlore,  569 
Clinoclase,  604 
Clinodaaite,  604 
Clinoenstatite,  477 
Clinohedrite,  540 
Clinohiimite,  536 
Clinozoisite,  532 
Clintonite,  566 
Clintonite  Group,  566 
Coal,  Mineral,  647,  648 
Cobalt  arsenate,  607,  608 

carbonate,  446,  453 

arsenide,  378,  379,  380, 
381 

selenite,  641 

sulph-arsenide,  378 

sulphate,  636 

sulphide,  378 
Cobalt  bloom,  608 
Cobalt  glance,  v,  Cobaltite 
Cobaltine,  379 
Cobaltite,  379 
Cobaltnickelpyrite,  378 
Cobaltoadamite,  604 
Cobaltocaldte,  441 
Cobaltomenite,  641 
Coccolite,  477 
Cocinerite.  362 
Cockscomb  Pyrite,  380 
Coelestine,  627 
Cceruleolactite,  614 
Cohenite,  356 
Coke,  648 
Colemanite,  621 
Colerainite,  583 
Cblestine,  v,  Celestite 
Collbranite,  620 
CoUophanfte,  606 
CoUyrite,  580 
Colophonite,  508,  520 
Coloradoite,  369 
Colxtmbates    v,    Niobates, 

587 
Columbite,  588 
Comptonite,  558 
Confolensite,  579 
Conichaldte,  612 
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Conoarite,  577 
ConnelUte,  631 
Cookeite,  563 
Copal,  Fossil,  645 
Copalme,  Copalite,  645 
Copiapite,  638 
Copper,  353 

Emerald,    v.    Dioptase 
515 

Gray,  390 

Indfgo,    V.    Covellite, 
371 

Native,  353 

Red,  V.  Cuprite,  410 
Copper,  Vitreous,  v.  Chaloo- 
dte,  366 

Yellow,  374 
Copper  arsenate,   603,  604, 
612,  etc. 

arsenide,  362 

carbonate,  450.  451 

chloride,  305,  400 

manganate,  424 

iodide,  395 

nitrate,  619 

oxides.  410,  412 

oxychiorides,  400 

phosphates,  603,  612, 
etc. 

selenides,  365 

selenite,  641 

silicates,  515,  581 

sulphantimonate,  393 

sulphantimonites,  386  et 
sea. 

sulpnarsenates,  393 

sulpharsenite,  386 

sulphates,  630,  632;  hy- 
drous, 636  et  seq. 

sulphides,  366,  371,  374 
etseq. 

sulpho-bismuthites,  386 

tungstate,  643 

vanadates,  604 
Copper  glance,  366 
Copper  mica,  616 
Copper  nickel,  372 
Copper  pyrites,  374 
Copper  uranite,  616 
Copper  vitriol,  636 
Copperas,  636 
Coprolites,  597 
Coquimbtte,  637 
Cordierite,  497  , 

Cordylite,  449  r 

Corkjte,  618 
Comwallite,  612 
Coronadlte,  424 
CorundophiUte,  571 
Corandum,  413 
Corynite,  379 
Cosalite,  387 
Cossynte,  494 
Cotunnite,  390  I 


V 


Couseranite,  517 
Covellite,  371 
Crandallite,  601 
Creedite,  402 
Crednerite,  424 
Crestmoreite,  546 
Crichtonite,  417 
Cristobalite,  408 
Crocalite,  556 
Crocidollte,  493 
Crocoite,  630 

Cromfordite,  v.  Phoegenite 
Cnmstedtite,  571 
Crookesite,  365 
Crossite,  493 
Cryolite,  399 
Ciyolithionite,  400 
CryophyUite,  363 
Cryptofite,  593 
Cryptoperthite,  460 
Cuban,  374 
Cubanite,  374 
Cube  ore,  v.  Pharmacosider* 

ite 
Cube  spar,  v.  Anhydrite 
Culsageeite,  572 
Cumengite,  ^1 
Cummingtonite,  489 
Cuprite,  410 
Cuproadamite,  604 
Cuprobismutite,  385 
Cuprodescloizite,  604 
Cuprogoslarite,  635 
Cupromagnesite,  636 
Cuproplumbite,  364 
Cuproscheelite,  643 
Cuprotungstite,  643 
Cttspidine,  535 
Custerite,  497 
Cyanite.  526 
Cyanocnroite,  637 
Cyanotrichite,  638 
Cyclopite,  468 
Cylindrite,  394 
Cymatolite,  481  . 
Cymophane,  423 
Cvprine,  519 
Cyprusite,  639 
C5^1ite,  522 

D 

Dahllite,  597 
Damourite,  561 
Danaite,  382 
Danalite,  504 
Danburite,  522 
Dannemorite,  489 
Darapskite,  619 
Datholite,  527 
DatoUte,  527 

Daubr^eite,  Daubreite,  401 
Daubr^elite,  374 
Davidsonite,  496 


Davieaite,  401 
Dav3me,  501 
Dawsonite,  452 
Dechenite,  604 
Deeckeite,  518 
Delessite,  571 
Delatynite,  645 
Delorenzite,  586 
Delphinite,  531 
Delvauxite,  615 
Demant,  v.  Diamond,  345 
Demantoid,  508 
DerbyUte,  618 
Derbyshire  spar,  398 
Desdoizite,  604 
Desmine^  551 
Destinezite,  618 
Dewalquite,  539 
DeweyUte,  575 
Diabaiitite,  571 
Diadochite,  618 
Dialla^,  477 
Dialogite,  444 
Diamant,  345 
Diamond,  345 
Diamond,    Bristol,    Lake 

George,  405 
Dianite,  580 

Diaphorite,  387  «, 

Diaspore,  431 
Diasporogelite,  434 
Diatomite,  409 
Dichroite,.497 
Dickinsonite,  607 
Didymolite,  497 
Dietrichite,  637 
Dietzeite,  619 
Dihydrite,  605 
Diopside,  476 
Dioptase,  515 
Dipyre,  617 
Disterrite,  566 
Disthene,  526  ' 

Dixenite,  581 
Dog-tooth  spar,  439 
Dolerophanite,  632  1 

Dolomite,  442 
Domeykite,  362 
Domingite,  387 
Doppelspath,  v.  Calcite    , 
Dopplente,  646 
Double-refracting  spar,  4M 
Dought^rite,  638 
Douglasite,  402 
Dreelite,  626 
Dry-bone,  445 
Dudleyite,  572 
Dufrenib^unite,  605 
Dufrenite,  605 
Dufrenoysite,  387 
Dumortierite,  543 
Dundasite,  452  . 
Durangite,  601 
Durdenite,  641 
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Dysanalyte,  586 
Dyscrasite,  361 
D^sluite,  420 
Dysodile,  646 
Dyssnite,  485 
Dysyntribite,  500,  562 

£ 

Bcdemite,  618 
Ech^te,  558 
Ectropite,  582 
ficume  de  Mer,  576 
Edelite,  535 
Edenite,  490 
Edingtonite,  555 
Egeran,  520 
Eglestonite,  401 
Ecuelite,  615 
Ehrenwerthite,  432 
Ehlite,  605 
Eichbergite,  385 
Eichwaldite,  620 
Eisen,  v.  Iron 
Eisenblau.  v.  Vivianite 
Eis^ibltttne,  t;.  Floe  ferri 
Eisenglsuiz,  v.  Hematite 
Eiaengllmmer,  v.  Hematite 
Eisenkies,  v.  Pyrite 
Eisemiickelkiee,  t;.  Pentland- 

ite 
Eisenrahm,  v.  Hematite 
Eisenrosen,  v.  Hematite 
Eisenspath,  v.  Siderite 
Eisenstassfurtite,  621 
Eisspath,  v.  Rhyaoolite 
Eisstein.  v.  Cryolite 
Ekdemite,  618 
Elseolite,  499 
Elaterite,  647 
Electrum,  350 
Elements,  344  et  aeq, 
Eleolite,  499 
Eleonorite,  615 
Elpidite,  496 
Embolite,  397 
Embrithite,  387 
Emerald,  495 
Oriental,  413 
Uralian,  508 
Emerald  copper,  v.  Dioptase, 

515 
Emerald  nickel,  453 
Emery,  410 
Emmonsitey  641 
Emplectite,  386 
Empressite,  383 
Enargite,  393 
Endeiolite,  587 
Endellionite,   v.  Boumonite, 

388 
EndUchite,  598 
Enstatite,  472 
Eosphorite,  615 


Epiboulangerite,  394 
Epichlorite,  571 
Epidesminei  558 
Epididymite,  455 
flpiDOTE  Group,  530 
Epidote,  531 
Epigenite,  394 
EpistUbite,  549 
EpistoUte,  592 
Epsom  salt,  635 
Epsomite,  635 
Erbium  niobate.  588,  591 
Erbsenstein,  v.  Pisolite 
Erdkobalt,  v,  Asbolite 
Erikite,  580 
Erinite,  605 
Erionite,  558 
Erubescite,  374 
Erytfarite,  608 
Erytlirosiderite,  402 
Esmarkite,  498 
Esmeraldaite,  433 
Essonite,  507 
Ettringite,  640 
Eucairite,  365 
Euchroite,  611 
Eudase,  529 
Eucolite,  496 
Eucolite-titanite,  584 
Eucryptite,  500 
Eudialyte,  496 
Eudidymite,  455 
Eudyalite,  496 
Eu^^nglanz,  i;.  Polybasite 
Eukainte,  365 
Euklas,  529 
Eulytine,  504 
Eulytite,  504 
Eupyrchroite,  596 
Euralite,  571 
Eusynchite,  604 
Euzenite,  591 
Evansite,  614 


Facellite,  501 
Fahlerz,  390 
Fahlunite,  498 
Fairfleldite,  607 
Falkenhaynite,  390 
False  Galena.  367 
Famatinite,  393 
Faratsihite,  578 
Fargite,  556 
Faserkiesel,  v.  Fibrolite 
Faserzeolith,  v.  Natrolite 
Fassaite,  477 
Faujasite,  555 
Fava,  428 
FayaUte,  513 
Feather-alum,   v.   Halotrich- 

ite 
Feather-ore,  387 
Federerz,  v,  Jamesonite 


Feldspab  Group,  456 
Feldspar,  Baryta.  460 

Blue  V,  Lazulite 

Conmion,  457 

Glassy.  458 

Labrador,  466 

Lime,  467 

Potash,  457,  460 

Soda.  464 
FelsObanyite,  639 
Felspar,  v.  Feldspar 
Ferganite,  609 
Fergusonite,  588 
Fermorite,  597 
Femandiiiite,  609 
Ferrates,  418 
Ferrazite,  611 
FerrituoEstite,  644 
FerroanUiophyUite,  487 
Ferrobrucite,  434 
Ferrocalcite.  441 
Ferrocobaltite,  379 
Ferrogoslarite,  635 
F«rronatrite»  638 
Ferropallidite,  633 
Feuerblende  v.  Pyrostilpiiite, 
Fibrof  errite,  639 
FibroHte,  526 
Fichtelite,  645 
Fiedlerite,  401 
Fillowite,  607 
Fiorite,  400 
Fire  opal,  408 

marble,  356 
Fireblende,  v.   Psnostilpiute, 

390 
Fischerite,  613 
Flagstaffite,  646 
Flajolotite,  618 
Pitches  d'amour,  427 
Flinkite,  606 
Flint,  406 
Floatrfitone,  409 
Flokite,  552 
Florencite,  601 
Flos  ferri,  446 
Fluellite,  402 
Fluocerite.  399 
Fluor  V.  Fluorite, 
Fluor-apatite,  595 
Fluor  spar.  398 
Fluorides,  398  el  seq. 
Fluorite,  398 
Flusspath,  V.  Fluorite 
Foliated    tellurium  v.   Nag- 

yagite,  383 
Fontainebleau  limestone,  439 
Footeite,  631 
Forbesite,  611 
Forstereite,  513 
Fossil  copal,  645 

wood.  405,  408 
Fouch6rite,  615 
Fouqueite,  532 


Fowlerite,  484 
Franckcdte,  394 
Fraocolite,  596 
Franklinite,  420 
Fraueneia,  r.  Selenite 


Freibergile,  390 
Pr«e>l«beiiite,  387 
Fremontite,  602 
French  chalk,  576 
FrenzeLte,  356 
PriedeUte,  515 
Frieaeite,  367 
Fuchsite,  561 
Fuggerite,  518 
Funudte,  604 

G 
Gmdolinite,  529 
Oueite,  582 
Ganaite,  420 
Gaiite,  453 
Galactite,  566 
GaJApectite,  579 
Galena,  Galenite,  363 
Galena,  False,  367 
CalenobiBmutile,  386 
Galmsi,  v.  Calamiae 
GBnonutUte,  498 
GanophrUile,  546 
Gwnet,  505 

Cinnamon,  507 

Chrome,  417 

GixMsalur,  507 

Oriental,  507 

Precious,  507 

Tetrahedral,  i'.  Helvite 

White,  V.  Leucite 
Garaierite,  575 
Gastaldite,  493 
Gavite,  576 
Goy-LBBsite,  452 
G«aritsatite,  402 
Gedanite,  645 
Gedrite,  487 
G«hlemte,  518 
GeiUelite,  586 
Gekriisstem,  v.  Trine  stone 
Gelbbleierz,  «.  Wulfenite 
Gelbeisenerz,  v.  Jarosite 
Gelbeisenstem,    v.    Xantho- 

siderite 
GenttUte,  575 
Geocerellite,  646 
Geocerite,  646 
Georceixlte,  601 
Geocronite,  392 
Geomyricit*,  646 
GeorgUdCsite,  594  ,  _ 

Oeraesite,  601 
Gerhardtite,  (iM 
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Gbiuianatbb,  394 
Gersdoiffite,  379 
Geyerite.  381 
Geyserite,  409 
Gibbsite,  435 
Gieseckite,  500,  562 
Girantolite,  498,  562 
Gilbertite,  561 
Gilpinite,  640 
Gilsonite,  647 
Giorgiosite,'  453 
Gips,  V.  Gypsum 
Girasol,  408 
Giamondiae,  552 
Gismondite,  552 
Glance  coal.  648 

Cobalt,  V.  Colbaltite 

Copper,  V.  Chalcocite 
Glanzeisenerz,  v.  Hematite 
Glanerite,  v.  Aphthitalite 
Glaskopf,  Brauner,  v.  Limon- 
ite 

Rother.  V.  Hematite 
Glassy  Feldspar,  458 
Glauber  salt,  632 
GUuberite,  625 
Giaucochroite,  5!3 
Glancodot,  382 
Glaucolite,  517 
GUuconit«,  577 
GUucophane,  492 
Glaukodot,  382 
Glessite,  645 
Glimmer,  v.  Mica 
Globoaite,  615 
Glockerite,  639 
GlucJDum.  V.  Beryllium 
Gmelinite,  554 
Goethite,  431 
Gold,  350 
Goldlieldite,  391 
Gold  telluridea,  382,  3^ 
Gonnordite,  557 
GOBheait«,  496 
Goslulte,  635 
GOthite,  431 
Goyazite,  616 
Graftonite,  594 
Grahamite,  647 
Gramenite,  Graminite,  582 
Gramma tite,  489 
Granat,  v.  Garnet 
Onudiderite,  544 
Graphic  tellurium.  382 
Graidate,  347 
Gray  antimony,  358 

copper,  390 
Greenidite.  577 
Green  lead  ore,  597 
Oreeoockite,  371 
Greenovite,  584 
Grenat,  i'.  Gnmct 
OriffitUte,  572 
Griphit«,  500 
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Groeeular,  GroBBularite,  G07 
Grottune,  545 

Grothite,  584 

GrUnbleierz,    v.    Pyromor- 

Griineisenerde,  v,  E)uf  renit« 
GrUnerite,  490 
Griiolingite,  360 
Guftdalcazarite,  369 
Guanajuatite,  359 
Guano,  597 
Giiahnite,  525 
Guejarite,  386 
Guiternumite,  3S8 
Gummierz,  v.  Gummito 
Gimunite,  624 
Gyronite,  575 
Gypsum,  633 
(^ToUte,  546 


J,  502 

Htenmtite,  v.  Hematite 
Haldingerite,  610 
Hair  salt,  635 
Halits,  395 
Hallente,  562 
Hallite,  572 
HtUloysit«,  578 
HalotricUte,  637 
Hamartite,  449 
Hambergite,  620 
Hamlinite,  601 


645 

HatchettoUte,  587 
Hauchecomite,  372 
Haaerite,  378 
Haufthtonite,  564 
Hausmannite,  424 
Hautefeuillite,  60S 
HaQyne,  503 
Hallynite,  503 
Haydenite,  552 
Heavy  spar,  625 
Hebranite,  602 
HedesberEite,  476 
Hedyphanc,  598 
Heintzite,  622 
HeUodor,  495 
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Heliophyllite,  618 
Heliatrope,  405 
Helludite,  540 
HelTlte,  Helvine,  5M 
Hemaflbrite,  611 
Hematite,  415 

Brown,  432 
Hemato^,  434 
HenutoUto,  606 
Hematostibiite,  606 
Bemjmorphite,  539 
Henvoodite,  616 
Hepatic  cinnabar,  370 
HMmite,  420 
Hefderite,  601 
Henenraiindite,  638 
HerHcfaclitp,  552 
Heuite,  365 
HesaoDtte,  507 
HetKToUte,  435 
Heterocline,  425 
HeteromMphite,  387 
Heulandite,  548 
Hewattite,  611 
Hezahydrite,  637 
Hibbenite,  612 
HlbKhite,  540 
Hletiaitc,  Hjelmit,  591 
Hieratite,  400 
Hiddenite,  481 
Highgate  resin,  64S 
Hlpgensite,  604 
Hillcbrandite,  546 
Himbeenpath,  s.  Rbodocbm- 

HinadaUte,  618 


HfiUandite;  424 
Holmquistite,  493 
Holzopal,  V.  Wood-opal 
HolEiiDiterE,  V.  Wood-tin 
HomiUte,  529 
Honey-«tone,   Honirateio,  i 

Mellite 
Hopelte,  607 
Horn  quicksilver,  305 
Hora  silver,  3S7 
Homblei,  v.  Pho^enite 
Hornblende,  400 
Hamesit,  Homsilber,  397 
Homstone,  406 
Horae-flesh  ore,  374 
Horafordite,  362 
HortonoUte,  513 
Howlite,  621 
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Huantajliyite,  390 
HUbnerite,  642 
HQzeUte,  612 


[QzeUte, 
[udsoniic 


Hu( 


492 


Hullite,  571 
Hnlaite,  622 
Hnmboltiiie,  646 
HuinbokitUite,  51S 
Hufflboldtite,  528 
Humlte,  536 
Huntilite,  362 
Hutchinaoiiite,  386 
HnreauUte,  611 
Hussakite,  592 
Hyacinth,- 521,  507 
Hyaiite.  409 
^alo^ane,  460 
Hyaloeiderit«,  511 
HyaloteUte,  498 
Hydmj^te,  435 
Hydraulic  limestone,  440 
Hjrdroboracite,  623 
Htdrocabbonb,  645 
Hydrocenisalte,  452 
E^droclinohumite,  638 
Hydrocranite,  630 
Hydn^ranklinite,  435 
Hydrogiithite,  433 
Hydrodobertite,  453 
Hydrohematite,  433 
Hydromagneaite,  452 
Hydromica,  561 
Hydromuscovite,  561, 
Hydronephelite,  558 
Hydrophane,  408 
HjrdrophiUte,  399 
Hydrotoldte,  435 


Iberite,  498 
Ice,  411 

Ice  spar,  v.  Rhyacolit« 
Iceland  spar,  439 
Iddinesit«,  512 
Idocrase,  619 
Idrialite,  646 
IgelstrOmite,  435 
lUelte,  638 
nedte,  034 
Qlmenlte,  417 
Ibnenorutile,  427 
nvaite,  538 
Imerinite,  490 
Imrisonite,  647 
Indianaite,  579 
Indianite.  467 
IndicoUte.  542 
Indigolite,.542 


IiMaIte,546 

Jnflaminable  ciniiabar,  64A 
Infusonal  earth,  409 
loyoite,  622 
lodate  of  calcium,  619 
lodembolite,  397 
lODIDBS,  307 
lodobromlte,  397 
lodyrite,  397 
IoUte,497 

Hydrous,  498 
IridJuiii,355 
bidoamine,  355 
Inm,  ChrcHnic,  n.  Chromite 

Magnetic,  420 

Meteoric,  356 

Native,  356 

OligLet,  V.  Hematite 
Iron  oluminate,  420 

snenatea,  608,  609,  tie. 

arsenides,  381 

carbide,  356 

carbonate,  443 

chlorides,  309 

chromate,  4^ 

Co]umbat«,  588 

ferrat«,  420 

hydratee,  431,  432 

niobate,  588 

oxalate,  528 

oitide,     415,     420;    hy- 
drated,  431,  432 

phosphates,     605,    60S, 
&10  etc. 

BJlicatee,   513,   538,  571, 
572 

Butphantimonite,  386 

aulpharsenide,  381 

sulphates,  636,  637, 63S, 
etc. 

Bulohides,  369,  373,  377, 

magnetic,  373 
tantaUtes,  588 
teDurite,.&41 
titaoatee,  417,  424 
tungstates,  641,  644 

Iron  alum,  637 

Iron  natrolite,  556 

Iron  pyrites,  377 
Magnetic,  373 
White,  380 

Irvingite,  563 

Iserine,  427 

iBodasite,  611 

iRothoee,  458 

Itabirite,  417 

ItacDlumit«,  406 


IxLoli^paK) 


Tacobaite.  4^^^. 
Jade,  482.  460  ' 


\^J 
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Jade  tenaoe,  482 
Tadeite,479-4^^/ 
Jalpaite,  365 
Tamesoiiitey  386 
Janosite,  638 
Jargon,  521 
Tarosite,  640 
Jasper,  406 
Jaspopali  409 
Jeffensite,  572 
Jeffersonite,  477 
Terexneje^te,  620 
Jet,  648 
JeSeidte,  601 
Joaquinite,  586 
Johaxmitey  640 
Johnstrupite,  585 
Jordanite,  301 
TosSite,  360 
Josephmite,  356 
Jumpaitey  498 


Kaersutite,  491 
Kainite,  631 
Kakoxen,  614 
Kaliborite,  622 
Kalifeldspath,  v,  Orthoclase 
Kalit^mmer,  v.  Muscovite 
Kalinite,  637 
KaUophilite,  501 
Kalisalpeter,  v.  Niter 
Kaleoorlite,  369 
Kalkglimmer,  470 
Kalkspath,  v,  Calcite 
Kalkuranit,  r.  Autubite 
Kallait,  v,  Turquois 
KalUlite.  379 
Kalomel,  395 
Kaluszite,  636 
Kamacite,  356 
Kammererite,  570 
Kamarezite,  638 
KamtnkieB,  v.  Marcasite 
Kampylite,  598 
Kaolin,  578 
Kaolinite,  578 
Karminspath,  v.  Canninite 
Kameol,  v.  Camelian 
Karstenite,  v.  Anhydrite 
Karyinite,  693 
Kataforite,  491 
Katzenauge,  v.  Cat's*-eye 
Kehoeite,  616 
Keilhauite,  585 
Kelyphite,  509 
KentroUte,  539 
Kennes^  383 
Kermesite,  383 
Kerosene,  646 
Kerrite,  572 
Kertschinite,  615 


Kibdelophan,  418 
Kidney  ore,  416 

stone,  489 
Kieselwismuthy  v.  Euytite 
Kieselzinken,  v.  Calamine 
Kieserite,  633 
Kilbrickenite,  392 
KiUinite,  562 
Kieruifine,  600 
Klaprotholite,  386 
Kleinite,  395 
Klinoklas,  604 
Klinozoisit,  532 
Knebelite,  513 
Knopite,  586 
KnozviUite.  639 
Kobaltblutne,  r.  Erythrite 
Kobaltglanz,  v.  Coboltite 
Kobaltkies,  t*.  linnseite 
Kobaltspath,  v.  Sphaerooobal- 

tite 
KobelUte,  387 
Kochsalz,  r.  Halite 
Koecfalinite,  644 
Koenenite,  401 
Kohlenspath,  v.  Whewellite 
Koksbarovite,  491 
Kongsbergite,  354 
KQnigite^  632 
Konindate,  610 
Koppite,  587 
Komempine,  544 
Korund,  v.  Corundum 
Kotschubeite,  569 
Kottigite,  609 
Krantzite,  645 
Kraurite,  605 
Kreittonite,  420 
Kremersite,  402 
Krennerite,  383 
Kreuzbergite,  615 
Krisuvigite,  632 
Kr6hnkite,  638 
Kronkite,  Kr5nnkite,  638 
Kryptoperthit,  460 
Ktypeite,  447 
Kunzite,  481 
Kupfer,  V.  Copper 
Kupferantimonglanz,  v.  Chal- 

costibite 
Kupferblende,  t^.  Sandberger- 

ite 
Kupferglanz,  v.  Chalcocite 
Kupferglinuner,    v.    Chalco- 

pnyllite 
Kupferindig,  v.  Covellite 
Kupferkies,  v.  Chalcopyrite 
Kupferlasur,  v.  Azurite 
Kupfemickel,  v.  Niccolite 
Kupferschaum,  v.  Tvrolite 
Kupfeniranit,  v.   Torbemite 
Kupfervitriol,     v.     Chalcan- 

thite 
Kupfiferite,  491 


Kyanite,  526 
Kylindrite,  394 


Labindor  f  eld^>ar,  466 

Labradorite,  466 

Lacroixite,  601 

Lagonite,  621 

Irfumpadite,  436 

Lanaikite,  632 

Landerite,  509 

Llmgbanite,  539 

Langbeinite,  ^5 

Langite,  638 

Lansf ordite,  453    . 

Lantbanite,  453 

Tiftnt.haiunn  carbonate,  453 

Lapia-lazuli,  503 

Larderellite,  621 

Lassalite,  577 

Lasurapatite,  596 

Lasurite,  503 

Latrobite,  468 

Laubanite,  552 

Lamnonite,  552 

Latmiontitei  552 

Laurionite,  401 

Laurite,  380 

Lautarite,  619 

Lavenite,  484 

Lavrovite,  476 

Lawrendte,  399 

Lawsonite,  540 

LazuUte,  605 

Lazurite,  503 

Lead,  354 

Black,  347 
Native,  354 
White,  V.  Ceruasite 

Lead  antimonate,  617 
arsenates,  598 
carbonates,  448,  452 
chloride,  399,  401 
chloro-carbonates,  450 
chromates,  630 
dioxide.  428 
molybdate.  643 
oxides,  412,  '424,  428 
oxychlorides,  401 
phosphate,  597 
selenides,  364,  365 
silicates,  498,  539 
sulphantimonate,  394 
sulphantimonites,      385, 

etc. 
sulpharsenites,  385  etc. 
sulphates,  628  etc. 
sulphato-carbonate,  631 
sulphide,  363 
sulphobismuthites,     386 

etc. 
telluride,  364 
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Lead  tun^state,  643 

vanadates,  598,  604 
Lead  glance,  363 
Lead  vitriol,  v.  Anglesite 
Leadhillite,  631 
Lecontite,  632 
Ledererite,  554 
Lederite,  584 
Ledouxite,  362 
Lehrbachite,  365 
Lengenbachite,  388 
Lennilite.  572 
Leonharaite,  552 
Leonite.  637 
Leopoldite,  397 
Lepidocrodte,  432 
Lepidolite,.562 
Lepidomelane,  565 
Lepolite,  468 
Lettsomite,  638 
Leucaugite,  477 
Leuchtenbergite,  569 
Leucite,  469 
Leucochaldte,  612 
Leucomanganite,  607 
Leucopetrite,  646 
Leucophanite,  496 
Leucophoenidte,  538 
Leucopyrite,  381 
Leucosphenite,  585 
Leucoxene,  418 
Levynite,  554 
Lewisite,  618 
Libethenite,  603 
Liebenerite,  500,  562 
Liebi|ite,  454 
Lievnte,  538 
Lignite,  648 
Ligiirite,  584 
LilUanite,  388 
Lime,  v.  Calcium 
Lime-mesotype,  557 
Lime  uranite,  515 
Limestone,  440 

Hydraulic,  440 

Magnesian,  442 
Limonite,  432 
Linarite,  632 
Lindackerite,  618 
Linncite,  374 
Linsenkupfer,  v.  Liroconite 
Lintonite,  557 
Liroconite,  615 
Liskeardite,  614 
Lithia  mica,  562 
Lithionglimmer,    v.    Lcpido- 

lite 
LitUophilite,  594 
Lithium    phosphates,    594, 
602 

silicates  480,  500,  562 
Lithographic  stone,  440 
Lithomarge,  578 
Liveingite,  387 


Livingstonite,  385 
Lodestone,  421 
Loeweite,  637 
Loewigite,  640 
L611ingite,  381 
Lorandite,  386 
Loranskite,  591 
Lorenzenite,  586 
Lorettoite,  401 
Lossenite,  619 
Lotrite,  546 
L6weite,  637 
L6wigite,  640 
Loxoclase,  458 
Lublinite,  439 
Ludnite,  610 
Luckite,  636 
Ludlamite,  614 
Ludwigite,  620 
Luigite,  545 
Lumachelle,  440 
Liineburgite,  619 
Lussatite,  405 
Lutecite,  407 
Luzonite,  393 
Lydian  stone,  406 

M 

Mackintoshite,  529 
Made,  525 
Maconite,  572 
Magnesioferrite,  420 
Magnedoladwigite,  620 
Magnesite,  443 
Magnesium  aluminate,  419 

arsenate,  608 

borate,  621,  622 

carbonates,    443,    452, 
453 

ferrate,  420 

fluoride,  399 

hydrate,  434 

oxides.  411,  434 

phosphates,     600,     608, 
611 

silicates,  472.  473.  etc.; 
513,  536,  573,  576 

sulphates,  633,  635 

titanate,  586 
Magnetic  iron  ore,  420 
Magnetic  pyrites,  373 
Magnetite,  420 
Magnetkies,  v.  Pyrrhotite 
Magnoferrite,  420 
Maladiite,  450 

Blue,  V.  Azurite 

Green,  450 
Malacolite,  476 
Malacon,  522 
Maldonite,  350 
Malinowskite,  391 
Mallardite,  636 
Maltha,  646 


Manandonite,  563 
Manganates,  418 
Manganandalusite,  524 
Manganapatite,  596 
Manganblende,  v.  Alabandite 
Manganbnicite,  434 
Manganchlorite,  569 
Manganepidote,  i>.  Piedmon- 

tite 
Manganese  antimonate,  606 

arsenates,  601,  606 

carbonate,  444 

disulphide,  378 

hydrates,  432,  435 

niobate,  588 

oxides,    411,    424,    425, 
.     427.  430,  432,  435 

phosphates,     594,     600, 
607 

siUcates,  484,  513,  582, 
etc. 

sulphates,  633,  636 

sulphide,  369,  378 

tantalate,  588 

titanate,  418 

tunsstate,  642 
Manganfayalite,  513 
Manganglanx  v.  Alabandite 
Mangangranat,    v.    Sp^sar- 

tite 
Manganhedenbergite,  476 
Manganite,  432 
Manganmagnetite,  420 
Manganocalcite,  441,  444 
Manganocolumbite,  589 
Manganophyllite,  564 
Manganosiderite,  444 
Manganosite,  411 
Manganospherite,  444 
Manganostibiite,  606 
Manganotantalite,  589 
Manganpectolite,  483 
Manganspath)  i;.  Rhodochrr 

site 
Mangantantalite,  588 
Mangan-vesuvianite,  520 
Marble,  440 

Verd-antique,  573 
Marcasite,  380 
Marceline,  425,  485 
Margarite,  566 
Margarodite,  561 
Margarosanite,  498 
MariaUte,  518 
Marignadte,  587 
Mariposite,  565 
Marmatite,  368 
Marmolite,  573 
Marshite,  395 
Marsjakskite,  577 
Martinite,  611 
Martite,  417 
Mascagnite,  624 
Maskefynite,  467 
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Masonite,  567 
Massicot,  412 
MatUdite,  386 
Matlockite,  401 
Ifaucherite,  362 
ICauzeliite,  618 
Maxite,  631 
Iftazapjlite,  615. 
Meerschaum,  576 
Meionite,  516 
Melaconite,  412 
Melang^anz,  v.  Stephanite 
Melanite,  508 
Melanocerite,  496 
Melanophlofpte,  408 
Melanotekite,  539 
Melanterite,  636 
Meimte,  518 
Melinophane,    v,    Meliphan- 

ite 
Meliphanite,  496 
MeUte,  580 

Mellate  of  aluminium,  645 
MeUite,  645 
Meionite,  382 
Menaccanite,  417 
Mendipite,  401 
Mendozite,  637 
Menechimte,  391 
MenilTte,  408 
Mennige,  v.  Minium 
Mercurammonite,  395 
Merctiiy,  354 

Horn,  395 

Native,  354 
Mercury  antimonite,  618 

chloride,  395 

selenides,  369 

sulphides.  369,  370 

sulpho-selenide,  369 

telluride,  369 
Mercury  amalgam,  354 
Meroxene,  564 
Mesitite,  443 
Mesitinspath,  v.  Mesitite 
Mesole,  v.  Thomsonite 
MesoUte,  557 
Mesotype,  556 
Messelite,  607 
Metabrushite,  611 
Metadnnabarite,  369 
Metahewettite,  611 
Metastibnite,  359 
Meta-torbemite  I,  616 
Metavoltine,  639 
Metaxite,  575 
Meteoric  iron,  356 
Mexican  onyx,  440 
Meyerhofferite,  622 
Miargyrite,  386 
Mica  Group,  559 
Mica,  Iron,  563,  565 

Lime,  566 

Lithia,  562 


Mica,  Magnesia,  563,  565 

Potash  560 

Soda,  562 

Vanadium,  565 
Micaceous  iron  ore,  415 
Michel-l^vyte,  626 
Microcline,  460 
Microcosmic  salt,  611 
Biicrolite,  587 
Microsommite,  501 
Microperthite,  460 
Microphyllite,  467 
Microplakite,  467 
Miersite,  397 
Miesite.  598 
Mikrokiin,  460 
Milarite,  455 
Milky  quartz,  405 
MiUerite,  372 
Bfillosevichite,  630 
Mimetene,  Mimetesite,  598 
Mimetite,  598 
Minasite,  614 
Minasragrite,  641 
Mineral  caoutchouc,  647 
Mineral  coal,  647 

oil,  646 

pitch,  647- 

resin,  645 

tallow,  645 

tar,  V.  Pittasphalt 

wax,  645 
Mingu6tite,  572 
Minium,  424 
MirabiUte,  632 
Misenite.  631 
Mispickel,  381 
Misv.  638 
MitcheUite,  423 
Mixite,  617 
Mizzonite,  517 
Mocha  stone,  v.  Moss  ag&te 
Mock  lead,  291 
Moissanite,  356 
Mohawkite,  362 
Molengraaffite,  585 
Molybdiinbleispath,  v.  Wul- 

fenite 
Molybdanglanz,    t;.    Molyb- 
denite 

MOLTBDATES,  641 

Molybdenum  sulphide,  360 

trioxide,  410 
Molybdenite.  360 
Molybdic  ocher,  410 
Molybdite,  410 
Molybdomenite,  641 
Molybdophyllite,  498 
Molybdosodalite,  502 
Molysite,  399 
Monazite,  593 
Monetite,  606 
Monheimite,  445 
Monimolite,  593 


Monite,  606 
Monrolite,  526 
Montanite,  641 
Monticellite,  513 
Montmorillonite,  579 
Montroydite,  412 
Moonstone,  458,  465 
Moravite,  571 
Mordenite,  548 
Morendte,  582 
Morenosite,  635 
Morf^nite,  495 
Morion,  405 
Moroxite,  596 
Mosandrite,  585 
Mosesite,  402 
Moss  agate,  405 
Mossite,  590 
Mottramite,  604 
Mountain  cork,  490 

leather,  490 

soap,  578 

tallow,  645 

wood,  490 
MiiUerite,  582 
Mullanite,  388 
Muller's  ^ass,  409 
MuUicite,  608 
Mimdic,  V.  Pyrite 
Murchisonite,  458 
Muscovite,  560 
Muscovy  fiosSj  562 
Mussite,  478 
Muthmannite,  383 

•    N 

Nadeleisenerz,  v.  Gdthite 
Nadelerz,  v.  Aikinite 
Nadelzeolith,  t;.  Natrolite 
Nadorite,  618 
Naggite,  522 
Nagvagite,  383 
NaOnead  spar,  439 
Nantokite,  395 
Napalite,  645 
Naphtha,  646 
Narsarsuikite,  585 
Nasonite,  498 
Native  ELEifENTs,  344 
Natramblygonite,  602 
Natrium,  v.  Sodium 
Natroborocaldte,  622 
Natrochalcite,  638 
Natrolite,  556 
Natrojarosite,  640 
Natromontebrasite,  602 
Natron,  452 
NatrophiUte,  594 
Naumannite,  364 
Needle  ironstone,  432 
Needle  ore.  v.  Aikinite 
Needle  zeolite,   v,   Natrolite, 
556 
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Nemalite,  434 
Neocolemanite,  021 
Neotantalite,  587 
Neotodte,  485,  582 
Nepheline,  499 
NepheUte^  499 
Nephrite,  489 
Nepouite,  575 
Neptttnitei  585 
Nesquehonite,  452 
Nevyanskite,  355 
Newberyite,  611 
Newtonite,  579 
Niccolite,  372 
Nicholsonite,  446 
Nickel  antimonide,  372 

arsenates,  609 

arsenides,  372,  378,  382 

carbonate,  453 

oxides,  411 

silicate,  575 

sulpbantimonide,  379 

sulpharsenide,  379,  382 

sulphate,  635 

sulphides,  369, 372, 373 

telluride,  382 
Nickelantimon^anz,   v.   UIl- 

mannite 
Nickelarsenikglanz,  v.  Gers- 

dorffite 
Nickel-ffvmnite,  575 
Nickel-skutterudite,  380 
Nigrine,  427 
Nigrite,  647 

NiOBATBS,  587 

Niter,  619 
Niter,  Soda,  619 
Nitrates,  619 
Nltrobarite,  619 
Nitrocalcite,  619 
Nitroglauberite,  619 
Nitromasnesitei  619 
Nivenite,  623 
Nocerite.  401 
Nontromte,  582 
NordensUSldine,  620 
Nordniarkite,  544 
Northupite,  450 
Nosean,'  503 
NoseUte,  503 
Noumeite,  575 
Nussierite,  598 

O 

Ocher.  Brown,  432 

Red,  415 
Ochrolite,  618 
Octahedrite,  428 
Cklontolite,  613 
(Eil  de  chat,  424 
(Ellacberite,  561 
Offretite,  554 
Oil,  Mineral  646 


Oisanite,  532 
Okenite,  546 
Oldhamite,  369 
Oligist  iron  v.  Hematite 
Oligoclase,  466 
Oligonite,  444 
Olivenerz,  v.  Olivenite 
OUvenite,  603 
Olivine,  511 
Omphacite,  477 
Oncosin,  561 
Onofrite,  369 
Onyx,  406 

Mexican,  440 
Onyx  marble,  440 
OdUte,  440 
Opal,  408 
Opal  jasper,  409 
Ophi<»lcite,  573 
Ophiolite,  573 
Ophite,  575 
Orangite,  522 
Oriental  alabaster,  440 

amethvst,  413 

emerald,  413 

ruby,  413 

topaz,  413 
Orientite,  582 
Orpiment,  357 
Orthite,  533 
Orthociase,  457 
Orthose,  v.  Orthociase 
Oruetite,  360 
Osannite,  494 
Osmelite,  483 
Osmiridium,  355 
Osmium  sulphide,  379 ' 
Osteolite,  596 
Otavite,  452 
Ottrelite,  567 
Ouvarovite,  508 
Owenite,  572 
Oxalates,  644 
Oxammite,  644 
Oxides,  402 

OXYCHLOmDES,  400 
OXYFLUORIDES,  400 

Oxykertschenite,  61 

OXTSULPHIDES,  383 

Ozarkite,  557 
Ozocerite,  645 


Pachnollte,  402 
Pagodite,  562 
Paigeite,  622 
Paisbergite,  484 
Palaite,  607 
Palladium,  355 
Pahnerite,  610 
Palmierite,  640 
Panabase,  v.  Tetrahedrite 
Pandermite,  621 


Paposite,  639 
Paraoelsian.  460 
Paraffin,  645 
Paragonitey  562 
Pttrahopeite,  607 
Paralauriooite,  401 
Panauminite,  639 
Paramelaconite,  412 
Parasite^  621 
Paravivianite,  608 
Paredrite,  428 
Pargasite,  490 
Parisite,  449 
Parophite,  562 
Parrot  coal,  648 
Partschinite,  510 
Pascoite,  609 
Passauite,  517 
Patemoite,  621 
Patrooite,  361 
Peacock  Ore,  374 
Pearceite,  393 
Pearl  sinter,  409 
Pearl-spar,  441 
Peat,  648 

Pebble,  Brazilian,  405 
Pechblende,    Percherz,  v. 

Uraninite 
Peckhamite,  474 
Pectolite,  483 
Peganite,  613 
Pencil-stone,  579 
Penfieldite,  401 
Pennine,  570 
Penninite,  570 
Pentlandite,  369 
Peplolite,  498 
Percylite,  401 
PericUae,  411 
Pericline,  465 
Peridot,  511 
Peristerite,  465 
Perthite,  460 
Perofskite,  586 
Perovskite,  586 
Perowskit,  586 
Petalite,  455 
Petrified  wood,  406 
Petroleum,  646 
Petzite,  365 

Phacelite,  Phaeellite,  501 
Phacolite,  553 
Pharmacollte,  610 
Pharmacosiderite,  614 
Phenadte,  514 
Phengite,  561 
Philadelphite,  572 
Philipstadite,  491 
Philhpite,  638 
PhilUpsite,  550 
Phlogopite,  565 
Phcenidte,  630 
Phoenicochroite,  630 
Fbolerite,  578 
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PhoUdottte  577 
Phosgenite,  450 
Phobphatbs,  592 
Phosphdferrite,  601 
Phosphorite,  596 
Phosphoiihyilite,  618 
PhosphorsalZy  v.  Stercorite 
Pho^hosiderite,  610 
Phosphnranylite,  617 
Photicite,  485 
Phyllite,  567 
Physalite,  523 
Picite,  615 
Pickeringite,  637 
Piootite^  419 
Picroepidote,  532 
PicioUte,  573 
Picromerite,  637 
Picrophannacolitei  607 
Picrotitamtej  417 
Piedmontite,  532 
Pigeonite,  479 
PinakioUte,  620 
Pinguite,  582 
Pinite.  562,  498 
Pinnoite,  622 
Pintadoite,  609 
Piotine,  576 
Pirssonite,  452 
Pisanite,  636 
PisoUte,  440 
Pistacite,  531 
Pistomesite,  443 
Pitchblende,  623 
Pittasphalt,  646 
Pitticite,  618 
Placodine,  362 
Plagioclaae,^74/ 
Plagionite,  3^ 
PlanG]i6ite,  515 ' 
Planof errite,  639 
Plasma,  405 
Plaster  of  Paris,  634 
Platina,  355 
Platiniridium,  355 
Platinum,  355 
Platinum,  aisenide,  379 
PUttnerite,  428 
PUtynite,  385 
PlazoUte,  580 
Plenargyrite,  386 
Pleonaste,  419 
Plessite,  356 
Plumbago,  347 
Plumbogummite,  601 
Plombocalcite,  441 
Plumbojarosite,  640 
mumboniobite,  592 
Plumbostib,  387 
Plumosite,  387 
PodoUte,  618 
PSchite,  545 
Polianite,  427 
Pollucite,  470 


Polyadelphite,  508 
Polyargite,  562 
Polyargyrite,  393 
Polyarsenite,  601 
Polybasite,  392 
Polycrase.  591 
Polychroilite,  498 
Polydymite,  373 
PolyhaUte,  637 
Polylithionite,  563 
Polymkiiite,  591 
Polysphserite,  598 
Ponite.  445 

Poonanlite,  v.  Soolecite 
Porpezite,  350 
Posepnyte,  646 
Potash  alum,  637 
Potassium  borate,  622 

chloride,  396 

nitrate,  619 

silicate,   457,    460,   469, 
560,  6<c. 

sulphate,  624 
Potstone,  576 
Powellite,  643 
Prase,  405 
Praseolite,  496 
Prehnite,  534 
Preslite,  604 
Pribramite,  368 
Priceite,  621 
Priorite,  591 
Prismatine,  544 
Przibramite,  368 
Prochlorite,  571 
Prolectite,  538 
Prosopite,  402 
Protobastite,  473 
Proustite,  389 
Prussian  blue,  Native,  608 
Przibramite,  432 
Pseudoboleite,  401 
Pseudobrookite,  424 
Pseudocampylite,  598 
Pseudoleucite,  470 
Pseudomalachlte,  605 
Pseudomeionite,  51Q 
Pseudomesolite,  557 
Pseudophillipsite,  550 
Pseudophite,  570 
Pseudosteatite,  579 
Pseudowollastonite,  483 
Psilomelane,  436 
Psittacimite,  604 
PtUoUte,  548 
Pucherite,  594 
Puflerite,  551 
Punamu,  482 
Purple  copper  ore,  374 
Purpurite,  610 
Puschkinite,  532 
Pycnite,  523 
I^cnochlorite,  571 
Pyrargillite,  498 


I^rargyrite,  389 
I^reneite,  508 
Pyrgom,  477 
Pyrite,  377 

.Pyrites,  Arsenical,  v,  Arseno- 
pyrite,  381 

Capillary,  372 

Cockscomb,  380 

Copper,  374 

Iron,  377 

Mametic,  373 

Radiated,  380 

Spear,  380 

Tin,  394 

White  iron,  380 
PynMurite,  435 
Pyrobelonite,  604 
Pyrochlore,  587 
Pyrochroite,  435 
I^lusite,  430 
Pyromorphite,  597 
I^ope,  507 
I^phanite,  418 
Pyrophosphorite,  606 
I^phylUte,  579 
I^rophysalite,  523 
Pyroretinite,  646 
Pyrosclerite,  572 
Pyrosmalite,  515 
Pyrostilpiiite,  390 
Pyroxene,  474 
Pyroxene  Group,  470 
Pyroxmangite,  485 
IVirharsenite,  593 
Pyirhite,  588 
I^hotine,  373 
I^hotite,  373 

Q 

Quartz,  403 

Quartzine,  407 

Quartzite,  406 

Quecksilber,    Gediegen,    v. 
Cinnabar 

Quecksilberhornerz,  p.  Calo- 
mel 

Quenstedtite,  637 

Quetenite,  640 

Quicksilver,  354 
I  Quisqueite,  347 

R 

R&delerz,  v,  Boumonite 
Radiated  pyrite,  380 
Radiotine,  573 
Rafaelite,  401 
Raimondite,  639 
Ralstonite,  402 
Ramirite,  604 
Rammelsbergite,  382 
Ranite,  558 
Raspite,  643 
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Ratfaite,  386 
Rauchquarz,     v.    Smoky 

Quartz 
Raumite,  498 
Realgar,  357 
Red  antimony,  v.  Kermeeite 

chalk,  416 

copper  ore,  410 

hematite,  415 

iron  ore,  416 

lead  ore,  630 

ocher,  416 

silver  ore,  380 

zinc  ore,  411 
Reddingite,  607 
Reddle,  416 
Redingtonite,  630 
Rednitbite,  366 
Reinite,  644 
Reissite,  540 
Reminetoiiite,  453 
Rensseuierite,  576 
Resin,  Mineral,  645 
Retinalite,  573 
Retinite,  645 
Retzbanyite,  385 
Retzian,  606 
Rezbanyite,  385 
Rhabdophanite,  600 
Rhsetizite,  527 
Rharite,  617 
Rhodalose,  v.  Bieberite 
Rhodizite,  621 
Rhodochrome,  570 
Rhodochrosite,  444 
Rhodolite.  507 
Rhodonite.  484 
Rhodophyllite,  570 
Rhodotilite,  546 
Rhodusite,  403 
Rhdnite,  404 
Rhomboclase,  641 
Rhyaoolite,  458 
Riband  ja^r,  406 
RicheUite,  615 
Richterite,  480 
Rickardite,  362 
Ricolite,  573 
RiebecUte,  403 
Rinkite,  585 
Rinneite,  300 
Ripidolite,  560 
Risorite,  588 
Rittingerite,  303 
Rivaite,  455 
Riversideite,  546 
Rizopatronite,  361 
Rock  crystal,  405 

meal,  4^ 

milk,  440 

salt,  305 
Roeblingite,  408 
RSmerite,  638 
Roepperite,  513 


Romanzovite,  507 
Romeite,  618 
Rdmerite,  638 
Rosasite,  440 
Rosch^rite,  616 
Roscoelite,  565 
Rose  quartz,  405 
Roselite,  607 
Rosenbttschite,  483 
Rosi^6site,  610 
Rosite,  562 
Rosolite,  500 
Rothbleierz,  v.  Crocoite 
Rotheisenerz,  Rotheisenstein, 

V.  Hematite 
Rotbgiiltigerz,    v.    Pyrargy- 

rite 
Rothkupfererz,  v.  Cuprite 
Rothnickelkies,  v.  Niccolitc 
Rothoffit«,  508 
Rothspiessglanzerz,    v.    Ker- 

mesite. 
Rothzinkerz,  v.  Zincite 
Rowlandite,  520 
Rubellite,  542 
Rubicelle,  410 
Rubin,  410 

Ruby,  Almandine,  410 
"Balas,  410 
Oriental,  413 
Spinel,  419 
Ruby  blende,  368 
Ruby  copper,  410 
Ruby  silver,  380 
Ruby  zinc,  368 
Ruin  marble,  440 
Rumanite,  645 
Rumpfite,  572 
Ruthenium  sulphide,  302 
Rtttherfordine,  440 
RutUe,  427 


S 

Safflorite,  382 

Sagenite,  405,  427 
Sahlite,  477 
Sal  Ammoniac,  307 
Salite,  477 
Salmiak,  307 
Salmite,  567 
Salmonsite,  610 
Salt,  Rock,  305 
Saltpeter,  v.  Niter 
Salvadonte,  636 
Samarskite,  590 
Sandr^site,  587 
Sammetblende,  432 
Samsonite,  390 
Sandbergerite,  391 
Sanguinite,  390 
Sanidine,  458 
Saphir  d'eau,  498 


Saponite,  576,  570 

Sapphire,  413 

Sapphirine,  544 

Sarcolite,  518 

Sard,  405 

Sardonyx,  406 

Saikinite,  601 

Sartorite,  385 

Sassolite,  435 

Satin  spar,  430,  634 

Saualpite,  530 

Saussurite,  350 

Scacchite,  300 

Scapolite,  516 

ScAPOLiTE  Group,  515 

Schafarzikite,  618 

Schalenblende,  368 

Schapbachit«,  387 

Schaumerde,  v.  Aphrite 

Schaumopal.  400 

Schaumspath,  t>.  Aphrite 

Scheelbleispath,  v.  Stolzite 

Scheelite,  642 

Scheelspath,  v.  Scheelite 

Scheererite,  645 

Scheflferite,  477 

Schertelite,  611 

Schiller^par,  474 

Schiimerite,  386 

SchizoUte,  483 

Schlangenalabaster,  v.  Tnpe- 
stone 

Schmirfl;el^  v.  Emery 

Schneidente,  552 

Schoenite.  637 

Schoilomite,  510 

Schor^a,  531 

Schreibersi te,  356 

Schrifterz,  Schnfttellur,  v. 
Sylvanite 

ScfarOtterite,  580 

Schuppenstein,  v.  Lepidolite 

Schwartzembergite,  401 

Schwatzite,  301 

Schwefel  ▼.  Sulphur 

Schwefelkies,  v.  Pyrite 

Schwefelquecksilber,  p.  Cin- 
nabar 

Schwerbleierz,  v.  Plattneritc 

Schwerspath,  v.  Barite 

Scleroclase,  t^.  Sartorite 

Scolecite,  Scolezite,  557 

Scorodite,  600 

Scorza,  531 

Scovillite,  600 

Searlesite,  583 

Seebachite,  552 

Selenides,  364,  365 

Selenite,  634 

Selenites,  641 

Selenium,  344 

Selenquecksilber,  v.  Tieman- 
nite 

Selensulphur,  348 
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SelenwismuthglanXy  v,  Guan- 

juatite 
Seligmannite,  388 

Sellaite,  399 

S6indlme,  584 

Semi-opal,  408 

Semseyite,  387 

Sexudte,  418 

Senarmontite,  409 

SepioUte,  576 

Serendibite,  545 

Seiicite,  561 

Serpentine,  573 

Serpeirite,  638 

Seybertite,  566 

Shanyavskite,  436 

Shattuckite,  581 

Shepiardite,  472 

Sheridaziite,  571 

Shell  marble,  440 

Siberite,  542 

Sicklerite,  610 

Sideiite,  443 

Sideronatrite,  639 

Siderophyllite,  564 

Siegenite,  374 

Silber,  v.  Silver 

Silberamalgam,  v.  Amalgam 

Silberdanz,  v.  Argentite 

Silbernomerz,    t>.    Cerargy- 
rite 

Silex,  Silica,  403 

Silicates,  454 

Siliceous  sinter,  409 

Silicified  wood,  404 

Silicomagnesiofluorite,  545 

Silicon  oxide,  403,  407,  408 

Siilimanite,  526 

Silver,  352 

Silver  antimonide,  361 
arsenide^  362 
bismuthide,  362 
bromide,  397 
chlorides,  397 
iodide,  397 
selenide,  364 
sulphantimonites,    386, 

389 
sulpharsenite,  389 
sulphide,  364,  367 
sulpho-bismuthite,  386 
sulpho-germanate,  394 
telhiride,  362,  365,  382 

Silver  glance,  364 

Simetite,  645 

Simonyite,  637 

Sinopite,  580 

Sinter,  Siliceous,  409 

Sipylite,  588 

Siserskite,  355 

Sismondine,  Sismondite,  567 

Sisserskite,  355 

Sitaparite,  418 

SkapoUth,  516 


Skemmatite,  436 
Skleroklas,  t^.  Saxtorite 
Skogbolite,  590 
Skutterudlte,  380 
Smaltite,  378. 
Smaragd,  v.  Emerald 
Smaragdite,  490 
Smectite,  579,  580 
Smegmatite,  579 
Smirgel,  v.  Emery. 
Smithite,  386 
Smithsonite,  445,  539 
Smoky  quartz,  405 
Soapstone,  576 
Sobralite,  485 
Soda  alum,  637 
Soda-mesotype,  657 
Soda  microcline,  461 
Soda  niter,  619 
Soda  orthoclase,  458 
Soda-sarcolite,  518 
Sodalite.  502 
Sodium  ix>rate,  622 

carbonate,  452,  453 
hloride,  395 

fluoride,  399,  etc. 

nitrate,  619 

phosphate,  594,  etc. 

silicate,  464,  502,  554, 
556 

sulphate,    625:    hydrous 
632,  etc. 
SomerviUite,  518 
Sonnenstein,  v.  Sunstone 
Soretite,  491 
Souesite,  356 
Sotunansite,  614 
Spadaite,  577 
Spajrocobaltite,  446 
Spangoilte;  631 
Spargelstein,     v.     Asparagus 

stone 
Spathic  iron,  443 
Spatheisenstein,  v.  Siderite 
Spear  pyrites,  380 
Speckstein,  v.  Steatite 
Specular  iron,  415 
Speerkies.  v.  Marcasite 
Speiskobalt,  v.  Smaltite 
Spencerite,  612 
Spessartine,  Spessartite,  507 
Speziaite,  491 
Sperrylite,  379. 
Spluerite,  614 
Sphaerocobaltite,  446 
Sphalerite,  367 
Sphene,  583 
Sphenomanganite,  432 
Spiauterite,  v.  Wurtzite 
Spinel,  419 
Spinel  ruby,  419 
Spinthdre,  584 
Spodiophyllite,  572 
Spodiosite,  600 


Spodumene,  480 
Sporogelite,  434 
Spreustein,  556 
Sprddglanzerz,  v.  Polvbasite 
Sprodglaserz,  v.  Polybasite 
Sprudelstein,  446 
Spurrite,  581 
Stafifelite,  596,  597 
Stalactite,  440 
Stalagmite,  440 
Stannite,  394 
Stassfurtite,  621 
Star-quartz,  405 

sapphire,  410 
StauroUte,  543 
Staurotide,  543 
Steatite,  576 
Steenstrupine,  496 
Steinheilite,  498 
Stein  mannite,  363 
Steinmark,  v.  Lithomarge 
Steinsalz,  v.  Halite 
Stellerite,  558 
Stelznerite,  632 
Stephanite,  392 
Stercorite,  611 
Stembergite,  367 
Stewartite,  607 
Stibiconite,  410 
Stibiotantatite,  590 
Stibnlte,  358 
Stichtite,  453 
Stilbite,  551,  548 
Stilpnochloran,  572 
Stilmiomeiane,  572 
Stoffertite,  611 
Stokesite,  540 
Stolpenite,  579 
Stolzite,  643 
Strahlerz,  v.  Clinoclasite 
Strahlkies,  v.  Marcasite 
Strahktein,  489 
Stratopeite,  485  r. 

Stream  tin,  426 
Strengite,  610 
Strigovite,  572 
Stromeyerite,  366 
Strontianite,  447 
Strontianocalcite,  440 
Strontium  carbonate,  447 

silicate,  549 

sulphate,  627 
Struvite,  606 
Struverite,  427 
Stiitzite,  362 
Stylotypite,  388 
Succinic  acid,  645 
Succinite,  645,  507 
Sulfoborite,  623 

SULPHANTIMONATBS,  393 
SuLPHANnMONTTES,  383 

sulpharsenates,  393 
Sttlpharsenites,  383 
Sulphates,  624 
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SXTLPHIDES,  357 
SULPHOBISMUTHITES,  383 

Sulphoborite,  623 
SulphohaUte,  631 

SULPHOSTANNATES,  315 

Sulphur,  347 
Sulvanite,  393 
Sundtite,  385 
SuDstone,  466 
Susannite;  631 
Sussezite,  619 
Svabite,  598 
Svanbergite,  618 
Sychnodymite,  373 
^Ivanite,  382 
^Ivite,  396 
^mplesite,  608 
^nadelphite,  606 
^rnchisite,  449 
^mgenite,  636 
Syntagmatite,  489 
Szaboiter474 
Szaibelyite,  620 
Szechenyiite,  489 
Szmikite,  633 
Szomolnokite,  633 


Tabular  spar,  482 
Tachhydrite,  402 
Tachynydritc,    Tachydrite, 

402 
Taeniolite,  565 
Tsenite,  356 

Tafelspath,  t^.  Wollafltonite 
TagUite,  612 
Talc,  575 

Talkeisenen,  v.  Magnetite 
Talktriplite,  600 
Tallingite,  402 
Tallow,  Mineral,  645 
Tamanite,  607 
Tantalates,  587 
TantaUte,  588 
Tantalum,  349 
Tapalpite,  389 
Tapiolite,  590 
TaramelUte,  498 
Tarbuttite,  604 
Tamowitzite,  446 
Tartarkaite,  583 
Taamanite,  646 
Tavistockite,  606 
Tawmanite,  532 
Taylorite,  624 
Teallite,  394 
Tellur,  V.  Tellurium 
Tellurates,  641 
Tellurbismuth,  360 
Tellurblei,  v,  Altaite 
Tellurides,  364  et  aeq. 
Tellurite,  410 
Tbllubitbb,  641 
Tellurium,  349 


Tellurium  oxide.  410 
Tellumickel,  v.  Melonite 
Tellursilber,  v.  Hessite 
Tellurwismuth,    v,    Tetrady- 

mite 
Temiskamite,  372 
Tengerite,  454 
Tennantite,  391 
Tenorite,  412 
Tephroite,  513 
Terlinguaite,  401 
Termierite,  579 
Teschemacherite.  450 
Tesseralkies,  v.  SKutterudite 
Tetradymite,  360 
Tetrahedrite,  390 
Thal^te,  529 
Thallite,  531 
Thallium  selenide,  365 
Thaumasite,  581 
Thenardite,  624 
Thermonatrite,  452 
Thermophyllite,  575 
Thinolite.  441 
Thiorsamte,  468 
Thomsenolite,  402 
Thomsonite,  557 
Thonerde,  v.  Aluminiimi 
Thorianite,  624 
Thorite,  522 

Thorium  silicate,  522,  540 
Thortveitite,  529 
Thorogummite,  624 
Thulite,  530 
Thuringite,  571 
Tiemannite,  369 
Tiger-eye,  406 
TiUsite,  601 
Tile  ore,  410 
Tilkerodite,  364 
Tin,  Native,  354 
Tin  borate,  620 

oxide,  425 

sulphide,  394 
Tin  ore.  Tin  stone,  425 
Tin  pyrites,  394 
TincaL  622 
Tinkai,  622 
Tirolite,  612 
Tttanates,  583 
Titaneisen,  v.  Smenite 
Titanic  iron  ore,  417 
Titanite,  583 

Titaniumoxide,  427,  428,  429 
Titanomorphite,  584 
Toemebohnite,  540 
Topaz,  523 

False,  405 

Oriental,  413 
Topazolite,  508 
Torbanite,  648 
Torbemite,  616 
Touchstone,  406 
Tourmaline,  540 


Traversellite,  476 
Travertine,  440 
I^echmanite,  386 
Tremolite,  489 
Trichaldte,  607 
Tridymite,  407 
Trigonite,  601 
Trimerite,  515 
Tripestone,  629 
Triphane,  480 
Triphyline,  594 
TriphyUte,  594 
TripUte,  600 
Triploidite,  601 
Triploite,  409 
Trippkeite,  618 
Tripuhyite,  618 
Tritochorite,  604 
Tritomite,  496 
I^tfgerite,  617 
Troflite,  373 
TroUeite,  614 
Trona,453 
ThxMtite,  514 
Tscheftkinite,   TBchewkimt^ 

585 
Tschermigite,  637 
Tsumebite,  604 
Tufa,  Calcareous,  440 
Timgsten  trioxide,  410 
Tungstenite,  361 
Tungstite,  410 
Turanite,  604 
Tureite^433 
Tiirkis,  613 
Turmalin,  540 
Tumerite,  593 
Turquois,  Turquoise,  613 
Tychite,  450 
Tyrite,  588 
Tyrolite,  612 
Tysonite,  399 
Tyuyamunite,  617 

U 
Uhligite,  428 
Uintahite,  Uintaite,  647 
Ulezite,  622 
UUmannite,  379 
Ultrabasite,  392 
Ultramarine,  503 
Umangite,  365 
Uniomte,  530 
Uraconite,  641 
Uralite,  490 
Uranates,  623 
Uranmite,  623 
Uranite,  616 
Uranium  arsenate,  617 

carbonates,  454 

niobates,  590.  591 

phosphates,  616 

silicates,  581 

sulphate,  641 
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Uranmica^  616 
Uranocircitei  617 
Uranniobite,  623 
Uranophane,  581 
Uranopilite,  641 
Uranosphserite,  624 
Uranospathite,  617 
Uranospinite,  617 
UranothalUte,  454 
Uranotil.  581 
Uranpecnerz,  v.  Uraninite 
Urao,  453 
Urbanite,  477 
Urpethite,  645 
Urusite,  639 
Ussingite,  470 
Utahite,  639 
Utahlite,  610 
Uvanite,  609 
Uvarovite,  Uwarowit,  508 


Vaalite,  487,  572 

Valencianite,  458 

Valentinite,  410 

Vanadinblcirerz,  v.  Vanadin- 
ite 

Vanadinite,  598 

Vanadium  silicate,  565 

Vanfhoffite,  625 

Variegated  copper  ore,  374 

Variscite,  610 

Vashegyite,  614 

Vauquelinite,  630 

Vegasite,  638 

Velardefiite,  518 

Velvet  copper  ore,  v,  Lett- 
somite 

Venasquite,  568 

Venus-nairstone,  427 

Verd-antique,  573 

Vermiculites,  572 

Vermilion,  v.  Cinnabar 

Vemadsldte,  638. 

Vesuyianite,  519 

Veszelyite,  612 

Victorite,  472 

Vilateite,  610 

Villamaninite,  379 

ViUiaumite,  396 

Viluite,  519 

Violan,  476 

Viridine,  525 

Vitreous  copper,  v.  Chalcocite 
silver,  v.  ArRcntite 

Vitriol,  Blue,  636 

Vitriolbleierz,  v,  Anglesite 

Vivianite,  608 

Voelckerite,  596 

Voglianite,  641 

VoeUte,  454 

Volborthite,  612 

Voltalte,  639 


Voltzite,  Voltsine,  383 
Vonsenite,  620 . 
Vorobyevite,  495 
Vrbaite,  386 
Vredenburgite,  418 
Vulpinite,  629 

W 

Wad,  436 
Wamerite,  600 
WaEerite,  483 
Walpurgite,  617 
Waluewite,  567 
Wapplerite,  611 
Wardite,  614 
Waringtonite,  632 
Warrenite,  387 
Warwickite,  621 
Washingtonite,  418 
Wassersapphir,  v.  lolito 
Wavellite,  612 
Webnerite,  385 
Websterite,  639 
WehrUte,  360 
Weibullite,  386 
Weibyeite,  4^ 
Weinber^jerite,  494 
Weissbleierz,  v.  Cerussite 
WeissgUltigerz,  v.  Freibergite 
Wellslte,  549 
Wemerite,  516 
Wheel  ore,  388 
Whewellite,  644 
White  antimony,  409 
White  arsenic,  409 

pimet,  V.  Leucito 

iron  p)rrites,  380 

lead  ore,  448 
Whitneyite,  362 
WUkite,  591 
Wilkeite,  597 
Willemite,  513 
Williamsite,  575 
Willyamite,  379 
Wilsonite,  562 
Wiltshireite,  386 
Wiluite,  507,  520 
Winchite,  489 
Wiserine,  428 
Wismuth,  V,  Bifonuth 
Wismuthantimonnickel- 

glanz,  V.  Kallilite 
WLsmuthblende,  v.  Eulytite 
Wismuthglanz,  v,  Bismuthin- 

ite 
Wismuthspath,  v,  Bismutite 
Withamite,  532 
Witherite,  447 
Wittichenite,  388 
Wocheinite,  434 
WOhlerite,  484 
Wolfachite,  382 
Wolframite,  641 
Wolfsbergite,  386 


Wolftonite,  435 

Wollastonlte,  482 

Wolnyn,  626 

Wood,  Fossil,  Petrified,  406 

Wood  copper,  603 

Wood  opal,  409 

Wood  tm,  426 

Worthite,  526 

Wulfenite,  643 

WUrfelerz,  v.  Pharmaco6ider> 

ite 
Wurtzite,  371 

X 

Xalostocite,  509 
Xantharsenite,  601 
Zanthoconite,  393 
Zanfhophvllite,  567 
XanthosideritCi  433 
Zanthozenite,  614 
Xenolite,  526 
Xenotime,  592 


Yellow  copper  ore,  374 

lead  ore,  643 
Yenite,  538 
Yttergranat,  508 
Yttrialite,  529 
Yttrium  carbonate,  454 
Yttrium  niobates,  588,  etc. 

phosphates,  592,  601 

silicates,  529 
Tttrocerite,  402 
Yttrocolumbite,  v,  Yttrotan- 

taUte,  590 
Yttrocrasite,  586 
Yttrofluorite,  399 
Yttrogummite,  624 
YttrotantaUte,  590 
Yukonite,  615 


Zamboninite,  582 
Zaratite,  453 
Zeoliteb,  547 
Zepharovichite,  610 
Zeunerite,  616 
Zeigelerz.  v.  Tile  ore 
ZeophyUite,  546 
Zeyringite,  446 
Zietrisikite,  645 
Zinc,349 

Red  Oxide  of,  411 
Zinc  aliuninate,  420 

arsenates,  604,  609 

carbonates,  445 

oxide,  411.  420 

oxysulphiae,  383 

phosphate,  607 

silicates,  513,  539,  540 
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Zinc,  sulphates,  630,  635 
sulphides,  367,  371 
vanadate,  604 

Zinc  blende,  367 

Zinc  ore,  Red,  441 

Zincorodochrosite,  445 

Zincaluminite,  640 

Zincite,  411 

Zinckenite,  385 

Zinoocalcite,  441 


Zinkblende,  v.  Sphalerite 
Zinkenite,  385 
Zinkosite,  630 
Zinkspath,  v.  Smithsonite 
Zinnerz,  425 
Zinnkies,  r,  Stannite 
Zinnober,  v.  Cinnabar 
Zinnstein,  425 
Zinnwaldite,  563 
Zippeite,  641 


Zircon,  520 
Zirconium  dioxide,  428 

silicate,  520,  484 
Zirkelite,  428 
Zotsite,  530 
Zorgite,  365 
Zimvite,  505 
Zurhte,  518 
Zwieselite,  500 
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